Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



i 







ijf 



physic 






A. 






'I* 



/ 

i 

; 1 






VISUAL ILLUSIONS 

THEIR CAUSES. CHARACTERISTICS 
AND APPLICATIONS 



M. ;,UCEIESH 



AUTHOR O* "COLOR AND ITS APPUCATIOnB." "UOBT AND SHADE 

AMD THXnt APPUCATIOMS," " THB UOHTOTO AST," 1HB 

LAHOUAOB OF COLOR," "ARTIFICUL UOHT— TTS 

iHFLDBflCB upon dvnjZATion," 

"UGHTinO THB HOHB," ETC 



100 nXITSTRATIOirS 



DEW TOUC 

D. VAB HOSTRAHD COMPAUT 

BIGHT WASKEH STBSST 

1922 



COPniGBT, X933, 'BY 

a VAN NOSTRAND COMPANY 



I 



I 



I 



r 
7 



,-* 



V- 



E 



PREFACE 

VENTUALLT one of the results of application to 
the analysis and measurement of the phenomena 
of light, color, lighting, and vision is a firmly 
entrenched conviction of the inadequacy of physical 
measurements as a means for representing what is 
perceived. Physical measurements have supplied 
much of the foundation of knowledge and it is not a 
reflection upon their great usefulness to state that 
often they differ from the results of intellectual ap- 
praisal through the visual sense. In other words, there 
are numberless so-called visual illusions which must 
be taken into accotmt. All are of interest; many can 
be utilized; and some must be suppressed. 

Scientific literature yields a great many valuable 
discussions from theoretical and experimental view- 
points but much of the material is controversial. The 
practical aspects of visual illusions have been quite 
generally passed by and, inasmuch as there does not 
appear to be a volume available which treats the sub- 
ject in a condensed manner but with a broad scope, 
this small volume is contributed toward filling the 

gap. 

The extreme complexity of the subject is recognized, 
but an attempt toward simplicity of treatment has been 
made by confining the discussion chiefly to static 
visual illusions, by suppressing minor details, and by 
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subordinating theory. In other words, the intent has 
been to emphasize experimental facts. Even these 
are so numerous that only the merest glimpses of 
various aspects can be given in order to limit the text 
to a small volume. Some theoretical aspects of the 
subject are still extremely controversial, so they are 
introduced only occasionally and then chiefly for the 
purpose of illustrating the complexities and the trends 
of attempted explanations. Space does not even ad- 
mit many qualifications which may be necessary in 
order to escape criticism entirely. 

The visual illusions discussed are chiefly of the 
static type, although a few others have been intro- 
duced. Some of the latter border upon motion, 
others upon hallucinations, and still others produced 
by external optical media are illusions only by exten- 
sion of the term. These exceptions are included for 
the purpose of providing glimpses into the border- 
lands. 

It is hoped that this condensed discussion, which 
is ambitious only in scope, will be of interest to the 
general reader, to painters, decorators, and architects, 
to lighting experts, and to all interested in light, color, 
and vision. It is an essential supplement to certain 
previous works. 

November, 1920. M. LUCEIESH 
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INTRODUCTION 

SEEING is deceiving. Thus a familiar epigram 
may be challenged in order to indicate the 
trend of this book which aims to treat certain 
phases of visual illusions. In general, we do not see 
things as they are or as they are related to each other; 
that is, the intellect does not correctly interpret the 
deliverances of the visual sense, although sometimes 
the optical mechanism of the eyes is directly respon- 
sible for the illusion. In other words, none of our 
conceptions and perceptions are quite adequate, but 
fortunately most of them are satisfactory for practical 
purposes. Only a part of what is perceived comes 
through the senses from the object; the remainder 
always comes from within. In fact, it is the visual 
sense or the intellect which is responsible for illusions 
of the various types to be discussed in the follow- 
ing chapters. Our past experiences, associations, 
desires, demands, imaginings, and other more or less 
obscure influences create illusions. 

An illusion does not generally exist physically but 
it is difficult in some cases to explain the cause. Cer- 
tainly there are many cases of errors of judgment. 

A mistaken estimate of the distance of a mountain 

1 
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is due to an error of judgment but the perception of 
a piece of white paper as pink on a green background 
is an error of sense. It is realized that the foregoing 
comparison leads directly to one of the most contro- 
versial questions in psychology, but there is no in- 
tention on the author's part to cling dogmatically to 
the opinions expressed. In fact, discussions of the 
psychological judgment involved in the presentations 
of the visual sense are not introduced with the hope 
of stating the final word but to give the reader an idea 
of the inner process of perception. The final word 
will be left to the psychologists but it appears possible 
that it may never be formulated. 

In general, a tree appears of greater length when 
standing than when lying upon the ground. Lines, 
areas, and masses are not perceived in their actual 
ph3rsical relations. The appearance of a colored ob- 
ject varies considerably with its environment. The 
sky is not perceived as infinite space nor as a hemi- 
spherical dome, but as a flattened vault. The moon 
apparently diminishes in size as it rises toward the 
zenith. A bright object appears larger than a dark 
object of the same physical dimensions. Flat areas 
may appear to have a third dimension of depth. And 
so on. 

Illusions are so numerous and varied that they 
have long challenged the interest of the scientist. 
They may be so useful or even so disastrous that 
they have been utilized or counteracted by the skilled 
artist or artisan. The architect and painter have 
used or avoided them. The stage-artist employs 
them to carry the audience in its imagination to other 
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environments or to far countries. The magician has 
employed them in his entertainments and the camou- 
fieur used them to advantage in the practice of de- 
ception during the recent war. They are vastly en- 
tertaining, useful, deceiving, or disastrous, depending 
upon the viewpoint. 

Incidentally, a few so-called illusions will be dis- 
cussed which are not due strictly to errors of the 
visual sense or of the intellect. Examples of these 
are the mirage and certain optical efifects employed 
by the magician. In such cases neither the visual 
sense nor the intellect errs. In the case of the mirage 
rays of light conung from the object to the eye are 
bent from their usual straight-line course and the 
object appears to be where it really is not. However, 
with these few exceptions, which are introduced for 
their specific interest and for the emphasis they give 
to the ^^true" illusion, it will be understood that 
illusions in general as hereinafter discussed will mean 
those due to the visual mechanism or to errors of 
judgment or intellect. For the sake of brevity we 
might say that they are those due to errors of visual 
perception. Furthermore, only those of a ''static" 
type will be considered; that is, the vast complexi- 
ties due to motion are not of interest from the view- 
point of the aims of this book. 

There are two well-known types of misleading per- 
ceptions, namely illusions and hallucinations. If, for 
example, two lines appear of equal length and are not, 
the error in judgment is responsible for what is termed 
an " illusion." If the perceptual consciousness of an 
object appears although the object is not present, the 
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result is termed an '^ hallucination." For example, if 
something is seen which does not exist, the essential 
factors are supplied by the imagination. Shadows are 
often wrought by the imagination into animals and 
even human beings bent upon evil purpose. Ghosts 
are created in this manner. Hallucinations depend 
largely upon the recency, frequency, and vividness of 
past experience. A consideration of this type of mis- 
leading perception does not advance the aims of this 
book and therefore will be omitted. 

The connection between the material and mental 
in vision is incomprehensible and apparently must 
ever remain so. Objects emit or reflect light and the 
optical mechanism known as the eye focuses images 
of the objects upon the retina. Messages are then 
carried to the brain where certain molecular vibra- 
tions take place. The physiologist records certain 
ph]rsical and chemical efifects in the muscles, nerves, 
and brain and behold! there appears consciousness, 
sensations, thoughts, desires, and volitions. How? 
and. Why? are questions which may never be 
answered. 

It is dangerous to use the word never ^ but the ulti- 
mate answers to those questions appear to be so re- 
mote that it discourages one from proceeding far 
over the hazy course which leads toward them. In 
fact, it does not appreciably further the aims of this 
book to devote much space to efiforts toward explana- 
tion. In covering this vast and complex field there 
are multitudes of facts, many hypotheses, and numer- 
ous theories from which to choose. Judgment dic- 
tates that of the limited space most of it be given to 
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the presentation of representative facts. This is the 
reasoning which led to the formulation of the outline 
of chapters. 

Owing to the vast complex beyond the phjrsical 
phenomena, physical measurements upon objects and 
space which have done so much toward building a 
solid foundation for scientific knowledge fail ulti- 
mately to provide an exact mathematical picture of 
that which is perceived. Much of the author's previous 
work has been devoted to the phjrsical realities but 
the ever-present differences between physical and per- 
ceptive realities have emphasized the need for con- 
sidering the latter as well. 

Illusions are legion. They greet the careful ob- 
server on every hand. They play a prominent part 
in our appreciation of the physical world. Sometimes 
they must be avoided, but often they may be put to 
work in various arts. Their widespread existence and 
.their forcefulness make visual perception the final 
judge in decoration, in painting, in architecture, in 
landscaping, in lighting, and in other activities. The 
ultimate limitation of measurements with phjrsical 
instruments leaves this responsibility to the intel- 
lect. The mental being is impressed with things as 
perceived, not with things as they are. It is believed 
that this intellectual or judiciary phase which plajrs 
such a part in visual perception will be best brought 
out by examples of various types of static illusions 
coupled with certain facts pertaining to the eye and 
to the visual process as a whole. 

In special simple cases it is not diJQSicult to deter- 
mine when or how nearly a perception is true but in 
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general, agreement among normal persons is neces- 
sary owing to the absence of any definite measuring 
device which will span the gap between the percep- 
tion and the objective reality. Illusions are some- 
times called '* errors of sense " and some of them are 
such, but often they are errors of the intellect. The 
senses may deliver correctly but error may arise from 
imagination, inexperience, false assumptions, and in- 
correct associations, and the recency, frequency, and 
vividness of past experience. The gifts of sight are 
augmented by the mind with judgments based upon 
experience with these gifts. 

The direct data delivered by the visual sense are 
light, intensity, color, direction. These may be con- 
sidered as simple or elemental sensations because 
they cannot be further simplified or analyzed. At 
this point it is hoped that no controversy with the 
psychologist will be provoked. In the space available 
it appears unfruitful to introduce the many qualifica- 
tions necessary to satisfy the, as yet uncertain or at 
least conflicting, definitions and theories underlying 
the science of psychology. If it is necessary to add 
darkness to the foregoing group of elemental visual 
sensations, this will gladly be agreed to. 

The perceptions of outline-form and surface-con- 
tents perhaps rank next in simplicity; however, they 
may be analyzed into directions. The perception of 
these is so direct and so certain that it may be consid- 
ered to be immediate. A ring of points is apparently 
very simple and it might be considered a direct sense- 
perception, but it consists of a number of elemental 
directions. 
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The perception of solid-form is far more complex 
than outline-form and therefore more liable to error. 
It is judged partially by binocular vision or perspec- 
tive and partly by the distribution of light and shade. 
Colors may help to mold form and even to give depth 
to flat surfaces. For example, it is well known that 
some colors are '^ advancing '' and others are 
" retiring." 

Perhaps of still greater complexity are the judg- 
ments of size and of distance. Many comparisons 
enter such judgments. The unconscious acts of the 
muscles of the eye and various external conditions 
such as the clearness of the atmosphere play promi- 
nent parts in influencing judgment. Upon these are 
superposed the numerous psycho-physiological phe- 
nomena of color, irradiation, etc. 

In vision judgments are quickly made and the 
process apparently is largely outside of consciousness. 
Higher and more complex visual judgments pass into 
still higher and more complex intellectual judgments. 
All these may appear to be primary, immediate, in- 
nate, or instinctive and therefore, certain, but the 
fruits of studies of the psychology of vision have shown 
that these visual judgments may be analyzed into 
simpler elements. Therefore, they are liable to error. 

That the ancients sensed the existence or possi- 
/ bility of illusions is evidenced by the fact that they 

tried to draw and to paint although their inability to 
observe carefully is indicated by the absence of true 
shading. The architecture of ancient Greece reveals 
a knowledge of certain illusions in the efiforts to over- 
come them. However, the study of illusions did not 
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engage the attention of scientists until a compara- 
tively recent period. Notwithstanding this belated 
attention there is a vast scientific literature pertaining 
to the multitudinous phases of the subject; however, 
most of it is fragmentary and much of it is controversial. 
Some of it deals with theory for a particular and often 
a very simple case. In life complex illusions are met 
but at present it would be futile to attempt to explain 
them in detail. Furthermore, there have been few 
attempts to generalize and to group examples of typical 
phenomena in such a manner as to enable a general 
reader to see the complex fabric as a whole. Finally, 
the occurrence and application of illusions in various 
arts and the prominence of illusions on every hand 
have not been especially treated. It is the hope that 
this will be realized in the following chapters in so 
far as brevity of treatment makes this possible. 

Doubtiess thoughtful observers ages ago noticed 
visual illusions, especially those found in nature and 
in architecture. When it is considered that geometrical 
figures are very commonly of an illusory character it 
appears improbable that optical illusions could have 
escaped the keenness of Euclid. The apparent en- 
largement of the moon near the horizon and the ap- 
parent flattened vault of the sky were noticed at least 
a thousand years ago and literature yields several 
hundred memoirs on these subjects. One of the oldest 
dissertations upon the apparent form of the sky was 
published by Alhazen, an Arab astronomer of the 
tenth century. Kepler in 1618 wrote upon the 
subject 
. Philosophers of the past centuries prepared the 
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way toward an understanding of many complexities 
of today. They molded thought into correct form and 
established fundamental concepts and principles. Their 
chief tool was philosophy, the experimental attack 
being left to the scientists of the modem age. How- 
ever, they established philosophically such principles 
as '' space and time are not realities of the phenomenal 
world but the modes under which we see things apart." 
As science became organized during the present ex- 
perimental era, measurements were applied and there 
began to appear analjrtical discussions of various sub- 
jects including optical illusions. One of the earliest 
investigations of the modem type was made by Oppel, 
an account of which appeared in 1864. Since that 
time scientific literature has received thousands of 
worthy contributions dealing with visual illusions. 

There are many facts affecting vision regarding 
which no theory is necessary. They speak for them- 
selves. There are many equally obvious facts which 
are not satisfactorily explained but the lack of ex- 
planation does not prevent their recognition. In 
fact, only the scientist needs to worry over sjrstematic 
explanations and theoretical generalizations. He needs 
these in order to invade and to explore the other un- 
knowns where he will add to his storehouse of knowl- 
edge. A long step toward understanding is made by 
becoming acquainted with certain phsrsical, physio- 
logical, and psychological facts of light, ^ color, and 
lighting. Furthermore, acquaintance with the visual 
process and with the structure of the eye aids materi- 
ally. For this reason the next two chapters have been 
added even at the risk of discouraging some readers. 
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In a broad sense, any visual perception which does 
not harmonize with physical measurements may be 
termed an '* illusion/' Therefore, the term could 
include those physical illusions obtained by means of 
prisms, lenses, and mirrors and such illusions as the 
mirage. It could also include the physiological illu- 
sions of light and color such as after-images, irradia- 
tion, and contrast, and the psycho-phjrsiological illu- 
sions of space and the character of objects. In fact, 
the scope of the following chapters is arbitrarily ex- 
tended to include all these aspects, but confines con- 
sideration only to '* static " illusions. 

In a more common sense attentioh is usually 
restricted to the last group; that is, to the psycho- 
ph]rsiological illusions attending the perception of 
space and the character of objects although motion 
is often included. It should be obvious that no simple 
or even single theory can cover the vast range of illu- 
sions considered in the broad sense because there 
are so many di£Ferent kinds of factors involved. For 
this reason explanations will be presented wherever 
feasible in connection with specific illusions. How- 
ever, in closing this chapter it appears of interest to 
touch upon the more generally exploited theories of 
illusions of the type considered in the foregoing re- 
stricted sense. Hypotheses pertaining to illusions are 
generally lacking in agreement, but for the special 
case of what might be more safely termed *' geometrical- 
optical illusions " two di£Ferent theories, by Lipps and 
by Wundt respectively, are conspicuous. In fact, most 
theories are variants of these two systematic *' ex- 
planations " of illusions (in the restricted sense). 
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Lipps proposed the principle of mechanical-esthetic 
unity, according to which we unconsciously give to 
every space-form a living personality and uncon- 
sciously consider certain mechanical forces acting. 
Our judgments are therefore modified by this an- 
thropomorphic attitude. For example, we regard the 
circle as being the result of the action of tangential 
and radial forces in which the latter appear to tri- 
umph. According to Lipps' theory the circle has a 
centripetal character and these radial forces toward 
the center, which apparently have overcome the 
tangential forces during the process of creating the 
circle, lead to underestimation of its size as compared 
with a square of the same height and breadth. By 
drawing a circle and square side by side, with the 
diameter of the former equal to the length of a side 
of the latter, this illusion is readily demonstrated. 
Of course, the square has a greater area than the 
circle and it is difficult to determine the effect of this 
disparity in area. Figure 60 where the areas of the 
circle and square are equal and consequently the 
height of the former is considerably greater than the 
latter, is of interest in this connection. By experi* 
menting with a series of pairs consisting of a circle 
and a square, vaiying in dimensions from equal heights 
to equal areas, an idea of the '^ shrinking " character 
of the circle becomes quite apparent. 

Wundt does not attribute the illusion to a decep- 
tion or error of judgment but to direct perception. 
According to his explanation, the laws of retinal image 
(fixation) and eye-movement are responsible. For 
example, vertical distances appear greater than hori- 
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zontal ones because the efifort or expenditure of energy 
is greater in raising the eyes than in turning them 
through an equal angle in a horizontal plane. Un- 
conscious or involuntary eye-movements also appear 
to play a part in many linear or more accurately, 
angular illusions, but certainly Wundt's explanation 
does not suffice for all illusions although it may ex- 
plain many geometrical illusions. It may be said to 
be of the " perceptive " class and Lipps' theory to be 
of the " judgment " or " higher-process ** class. As 
already stated, most of the other proposed explanations 
of geometrical illusions may be regarded as being 
related to one of these two theories. There is the 
^^ indistinct vision" theory of Einthoven; the "per- 
spective " theory of Hering, Guye, Thiery, and others ; 
the " contrast " theory of Helmholtz, Loeb, and Hey- 
man; and the " contrast-con/?t/xion " theory of Mtiller- 
Lyer. In order not to discourage the reader at the 
outset, theories as such will be passed by with this 
brief glimpse. However, more or less qualified ex- 
planations are presented occasionally in some of the 
chapters which follow in order to indicate or to sug- 
gest a train of thought should the reader desire to 
attempt to understand some of the numerous inter- 
esting illusions. 
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THE EYE 

HELMHOLTZ, who contributed so much toward 
our knowledge of the visual process, in referring 
to the eye, once stated that he could make a 
much better optical instrument but not a better eye. 
In other words, the eye is far from an ideal optical 
instrument but as an eye it is wonderful. Its range 
of sensitiveness and its adaptability to the extreme 
variety of demands upon it are truly marvelous when 
compared with instruments devisejl by mankind. 
Obviously, the eye is the connecting link between 

f 

objective reality and visual perception and, therefore, 
it plays an important part in illusions. In fact, some- 
times it is solely responsible for the illusion. The 
process of vision may be divided into several steps 
such as (1) the lighting, color, character, and dispo- 
sition of objects; (2) the mechanism by which the 
image is formed upon the retina; (3) various optical 
defects of this mechanism; (4) the sensitiveness of 
the parts of the retina to light and color; (6) the struc-: 
ture of the retina ; (6) the parts played by monocular 
and binocular vision; and (7) the various events 
which follow the formation of the image upon the 
retina. 

The mechanism of the eye makes it possible to see 
not only light but objects. Elementary eyes of the 
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lowest animals perceive light but cannot see objects. 
These eyes are merely specialized nerves. In the 
human eye the optic nerve spreads to form the retina 
and the latter is a specialized nerve. Nature has 
accompanied this evolution by developing an instru- 
ment — the eye — for intensifying and defining and 
the whole is the visual sense-organ. The latter 
contains the most highly specialized nerve and the 

most refined phjrsio- 
logical mechanism, 
the result being the 
highest sense-organ. 
The eye is approx- 
imately a spherical 
shell transparent at 
the front portion and 
opaque (or nearly so) 
over the remaining 
eighty per cent of its 
surface. The optical 
path consists of a 
Pig. i.-Princii«i pwts of the eye. series of transparent 
^ Srfe;2.7?%5S"SU^' S':^ and soUds. 

the structiu-e of the eye are represented in Fig. 1. 
Beginning with the exterior and proceeding toward the 
retina we find in succession the cornea, the anterior 
chamber containing the aqueous humor, the iris, the 
lens, the large chamber containing the vitreous humor, 
and finally the retina. Certain muscles alter the posi- 
tion of the eye and consequently the optical axis, and 
focusing (accommodation) is accomplished by altering 
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the thickness and shape, and consequently the focal 
length, of the lens. 

The iris is a shutter which automatically controls 
to some degree the amount of light reaching the 
retina, thereby tending to protect the latter from too 
much light. It also has some influence upon the defini- 
tion of the image ; that is, upon what is termed ^^ visual 
acuity '' or the ability to distinguish fine detaiL It is 
interesting to compare the eye with the camera. In 
the case of the camera and the photographic process, 
we have (1) an inverted light-image, a facsimile of 
the object usually diminished in size; (2) an in- 
visible image in the photographic emulsion consisting 
of molecular changes due to light; and (3) a visible 
image developed on the plate. In the case of the eye 
and the visual process we have (1) an inverted light- 
image, a facsinule of the object diminished in size; 
(2) the invisible image in the retinal substances prob- 
ably consisting of molecular changes due to light; 
and (3) an external visible image. It will be noted 
that in the case of vision the final image is projected 
outward — it is external. The more we think of this 
outward projection the more interesting and marvel- 
ous vision becomes. For example, it appears certain 
that if a photographic plate could see or feel, it would 
see or feel the silver image upon itself but not out 
in space. However, this point is discussed further 
in the next chapter. 

In the camera and photographic process we trace 
mechanism, physics, and chemistry throughout. In 
the eye and visual process we are able to trace these 
factors only to a certain point, where we encounter 
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the super-physical and super-chemicaL Here molecu- 
lar change is replaced by sensation, perception, thought, 
and emotion. Our exploration takes us from the phys- 
ical world into another, wholly di£Ferent, where there 
reigns another order of phenomena. We have passed 
from the material into the mental world. 

The eye as an optical mechanism is reducible to a 
single lens and therefore the image focused upon the 
retina is inverted. However, there is no way for the 
observer to be conscious of this and therefore the 
inverted image causes no difficulty in seeing. The 
images of objects in the right half of the field of view 
are focused upon the left half of the retina. Sinularly, 
the left half of the field of view corresponds to the 
right half of the retina; the upper half of the former 
to the lower half of the latter; and so on. When a 
ray of light from an object strikes the retina the im- 
pression is referred back along the ray-line into the 
original place in space. This is interestingly demon- 
strated in a simple manner. Punch a pin-hole in a card 
and hold it about four inches from the eye and at the 
same time hold a pin-head as close to the cornea as 
possible. The background for the pin-hole should be 
the sky or other bright surface. After a brief trial an 
inverted image of the pin-head is seen in the hole. 
Punch several holes in the card and in each will be 
seen an inverted image of the pin-head. 

The explanation of the foregoing is not difficult. 
The pin-head is so close to the eye that the image 
cannot be focused upon the retina; however, it is in 
a very favorable position to cast a shadow upon the 
retina, the light-source being the pin-hole with a bright 
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background. Light streamiiig through the pin-hole 
into the eye casts an erect shadow of the pin-head 
upon the retina, and this erect image is projected into 
space and inverted in the process by the effect of the 
lens. The latter is not operative during the casting 
of the shadow because the pin-head is too close to 
the lens, as already stated. It is further proved to be 
outward projection of the retinal image (the shadow) 
because by multiplying the number of pin-holes (the 
light-sources) there are also a corresponding number 
of shadows. 

The foregoing not only illustrates the inversion of 
the image but again emphasizes the fact that we do 
not see retinal images. Even the ^^ stars '' which we 
see on pressing the eye-lid or on receiving a blow on 
the eye are projected into space. The ^^ motes '' which 
we see in the visual field while gazing at the sky are 
defects in the eye-media, and these images are pro- 
jected into space. We do not see anything in the eye. 
The retinal image impresses the retina in some definite 
manner and the impression is carried to the brain by 
the optic nerve. The intellect then refers or projects 
this impression outward into space as an external 
image. The latter would be a facsimile of the phys- 
ical object if there were no illusions but the fact 
that there are illusions indicates that errors are 
introduced somewhere along the path from and to 
the object. 

It is interesting to speculate whether the first visual 
impression of a new-bom babe is '^ projected out- 
ward " or is perceived as in the eye. It is equally futile 
to conjecture in this manner because there is no in- 
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dication that the time will come when the baby can 
answer us immediately upon experiencing its first 
visual impression. The period of infancy increases 
with progress up the scale of animal life and this 
lengthening is doubtless responsible and perhaps 
necessary for the development of highly specialized 
sense-organs. Incidentally, suppose a blind person to 
be absolutely uneducated by transferred experience 
and that he suddenly became a normal adult and 
able to see. What would he say about his first visual 
impression? Apparently such a subject is unobtainable. 
The nearest that such a case had been approached is 
the case of a person bom blind, whose sight has been 
restored. This person has acquired much experience 
with the external world through other senses. It has 
been recorded that such a person, after sight was 
restored, appeared to think that external objects 
*^ touched '' the eyes. Only through visual experience 
is this error in judgment rectified. 

Man studies his kind too much apart from other 
animals and perhaps either underestimates or over- 
estimates the amount of inherited, innate, instinctive 
qualities. A new-bom chick in a few minutes will walk 
straight to an object and seize it. Apparentiy this im- 
plies perception of distance and direction and a coordi- 
nation of muscles for walking and moving the eyes. 
It appears reasonable to conclude that a certain amount 
of the wealth of capacities possessed by the individual 
is partiy inherited, and in man the acquired predomi- 
nates. But all capacities are acquired, for even the in- 
herited was acquired in ancestral experience. Even 
instinct (whatever that may be) must involve inherited 
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experience. These glimpses of the depths to which 
one must dig if he is to unearth the complete explana- 
tions of visual perception — and consequently of illu- 
sions — indicate the futility of treating the theories 
in the available space without encroaching unduly 
upon the aims of this volume. . 

Certain defects of the optical sjrstem of the eye 
must contribute toward causing illusions. Any perfect 
lens of homogeneous material has at least two defects, 
known as spherical and chromatic aberration. The 
former manifests itself by the bending of straight 
lines and is usually demonstrated by forming an 
image of an object such as a wire mesh or checker- 
board; the outer lines of the image are found to be 
very much bent. This defect in the eye-lens is some- 
what counteracted by a variable optical density, in- 
creasing from the outer to the central portion. This 
results in an increase in refractive-index as the center 
of the lens is approached and tends to diminish its 
spherical aberration. The eye commonly possesses 
abnormalities such as astigmatism and eccentricity 
of the optical elements. All these contribute toward 
the creation of illusions. 

White light consists of rays of light of various colors 
and these are separated by means of a prism because 
the refractive-index of the prism differs for lights of 
different color or wave-length. This causes the blue 
rajrs, for example, to be bent more than the red rays 
when traversing a prism. It is in this manner that the 
spectrum of light may be obtained. A lens may be 
considered to be a prism of revolution and it thus 
becomes evident that the blue rays will be brought 
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to a focus at a lesser distance than the red rays ; that 
is, the former are bent more from their original path 
than the latter. This defect of lenses is known as 
chromatic aberration and is quite obvious in the eye. 
It may be demonstrated by any simple lens, for the 
image of the sun, for example, will appear to have a 
colored fringe. A purple filter which transmits only 
the violet and red rays is useful for this demonstration. 
By looking at a lamp-filament or candle-flame some 
distance away the object will appear to have a violet 
halo, but the color of the fringe will vary with ac- 
commodation. On looking through a pin-hole at the 
edge of an object silhouetted against the bright sky 
the edge will appear red if the light from the pin- 
hole enters the pupil near its periphery. This optical 
defect of the eye makes objects appear more sharply 
defined when viewed in monochromatic light. In fact, 
this is quite obvious when using yellow glasses. The 
defect is also demonstrated by viewing a line-spectrum 
focused on a ground glass. The blue and red lines 
cannot be seen distinctly at the same distance. The 
blue lines can be focused at a much less distance than 
the red lines. Chromatic aberration can account for 
such an illusion as the familiar ^' advancing " and 
<< retiring " colors and doubtless it plajrs a part in many 
illusions. 

The structure of the retina plays a very important 
part in vision and accounts for various illusions and 
many interesting visual phenomena. The optic nerve 
spreads out to form the retina which constitutes the 
inner portion of the spherical shell of the eye with the 
exception of the front part. Referring again to Fig. 1, 
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the outer coating of the shell is called the sclerotic. 
This consists of dense fibrous tissue known as the 
^^ white of the eye.'' Inside this coating is a layer of 
black pigment cells termed the choroid. Next is the 
bacillary layer which lines about five-sixths of the 
interior surface of the eye. This is formed by closely 
packed ^^ rods " and ^^ cones/' which play a dominant 
role in the visual process. A light-sensitive liquid 
(visual purple) and cellular and fibrous layers complete 
the retinal structure. 

The place where the optic nerve enters the eye- 
ball and begins to spread out is blind. Ob jects, whose 
images fall on this spot are invisible. This blind-spot 
is not particularly of interest here, but it may be of 
interest to note its effect. This is easily done by 
closing one eye and looking directly at one of two small 
black circles about two inches apart on white paper 
at a distance of about a foot from the eye. By moving 
the objects about until the image of the circle not 
directly looked at falls upon the bUnd-spot, this circle 
will disappear. A three-foot circle at a distance of 36 
feet will completely disappear if its image falls directly 
upon the blind-spot. At a distance of 42 inches the 
invisible area is about 12 inches from the point of sight 
and about 3 to 4 inches in diameter. At 300 feet the 
area is about 8 feet in diameter. The actual size of 

4 

the retinal blind-spot is about 0.06 inch in diameter 
or nearly 6 degrees. Binocular vision overcomes any 
annoyance due to the bUnd-spots because they do not 
overlap in the visual field. A one-eyed person is really 
totally blind for this portion of the retina or of the 
visual field. 
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The bacillary layer consists of so-called rods and 
cones. Only the rods function under very low in- 
tensities of illumination of the order of moonlight. 
The cones are sensitive to color and function only at 
intensities greater than what may be termed twilight 
intensities. These elements are very small but the 
fact that they appear to be connecting links between 
the retinal hnage and visual perception, acuity or 
discrimination of fine detail is limited inasmuch as the 
elements are of finite dimensions. The smallest 
image which will produce a visual impression is the 
size of the end of a cone. The smallest distance be- 
tween two points which is visible at five inches is 
about 0.001 inch. Two cones must be stimulated in 
such a case. Fine lines may appear crooked because 
of the irregular disposition of these elemental light-^ 
sensitive points. This apparent crookedness of lines 
is an illusion which is directly due to the limitations of 
retinal elements of finite size. 

The distribution of rods and cones over the retina 
is very important. In the fovea centralis — the point 
of the retina on the optical axis of the eye — is a slight 
depression much thinner than the remainder of the 
retina and this is inhabited chiefly by cones. It is 
this spot which provides visual acuteness. It is easily 
demonstrated that fine detail cannot be seen well 
defined outside this central portion of the visual field. 
When we desire to see an object distinctly we habitu- 
ally turn the head so that the image of the object 
falls upon the fovea of each eye. Hehnholtz has 
compared the foveal and lateral images with a finished 
drawing and a rough sketch respectively. 
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The fovea also contains a yellow pigmentation 
which makes this area of the retina selective as to 
color-vision. On viewing certain colors a difference 
in color of this central portion of the field is often 
very evident In the outlying regions of the retina, 
rods predominate and in the intermediate zone both 
rods and cones are found. Inasmuch as rods are not 
sensitive to color and cones do not function at low 
intensities of illumination it is obvious that visual 
impressions should vary, depending upon the area 
of the retina stimulated. In fact, many interesting 
illusions are accounted for in this manner, some of 
which are discussed later. 

It is well known that a faint star is seen best by 
averted vision. It may be quite invisible when the 
eye is directed toward it, that is, when its image 
falls upon the rod-free fovea. However, by averting 
the line of sight slightly, the image is caused to fall 
on a retinal area containing rods (sensitive to feeble 
light) and the star may be readily recognized. The 
fovea is the point of distinct focus. It is necessary 
for fixed thoughtful attention. It exists in the retina 
of man %fid of higher monke]rs but it quickly disap- 
pears as we pass down the scale of animal life. It 
may be necessary for the safety of the lower animals 
that they see equally well over a large field ; however, 
it appears advantageous that man give fixed and 
undivided attention to the object looked at. Man 
does not need to trust solely to his senses to protect 
himself from dangers. He uses his intellect to in- 
vent and to construct artificial defenses. Without 
tiie highly specialized fovea we might see equally 
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well over the whole retina but could not look atten- 
tively at anything, and therefore could not observe 
thoughtfully. 

When an image of a bright object exists upon the 
retina for a time there results a partial exhaustion or 
fatigue of the retinal processes with a result that an 
after-image is seen. This after-image may be bright 
for a time owing to the fact that it takes time for 
the retinal process to die out. Then there comes 
a reaction which is apparent when the eye is di- 
rected toward illuminated surfaces. The part of the 
retina which has been fatigued does not respond as 
fully as the fresher areas, with the result that the 
fatigued area contributes a darker area in the visual 
field. This is known as an after-image and there 
are many interesting variations. 

The after-image usually undergoes a series of 
changes in color as well as in brightness as the retinal 
process readjusts itself. An after-image of a colored 
object may often appear of a color complementary to 
the color of the object. This is generally accounted 
for by fatigue of the retinal process. There are many 
conflicting theories of color-vision but they are not 
as conflicting in respect to the aspect of fatigue as 
in some other aspects. If the eye is directed toward 
a green surface for a time and then turned toward a 
white surface, the fatigue to green light diminishes 
the extent of response to the green rays in the light 
reflected by the white surface. The result is the 
perception of a certain area of the white surface 
(corresponding to the portion of the field fatigued 
by green light) as of a color equal to white minus 
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some green — the result of which is pink or purple. 
This is easily understood by referring to the prin- 
ciples of color-mixture. Red, green, and blue (or 
violet) mixed in proper proportions will produce any 
color or tint and even white. Thus these may be 
considered to be the components of white light. Hence 
if the retina through fatigue is unable to respond 
fully to the green component, the result may be ex- 
pressed mathematically as red plus blue plus reduced 
green, or synthetically a purplish white or pink. When 
fatigued to red light the after-image on a white surface 
is blue-green. When fatigued to blue light it is yel- 
lowish. 

Further mixtures may be obtained by directing 
the after-image upon colored surfaces. In this man- 
ner many of the interesting visual phenomena and 
illusions associated with the viewing of colors are 
accounted for. The influence of a colored environ- 
ment upon a colored object is really very great. This 
is known as simultaneous contrast The influence 
of the inmiediately previous history of the retina 
upon the perception of colored surfaces is also very 
striking. This is called successive contrast. It is 
interesting to note that an after-image produced 
by looking at a bright light-soturce, for example, is 
projected into space even with the eyes closed. It 
is instructive to study after-images and this may be 
done at any moment. On gazing at the sun for an 
instant and then looking away, an after-image is seen 
which passes in color from green, blue, purple, etc., 
and finally fades. For a time it is brighter than the 
background which may conveniently be the s^. On 



26 VISUAL ILLUSIONS 

closing the eyes and placing the hands over them the 
background now is dark and the appearance of the 
after-image changes markedly. There are many 
kinds, effects, and variations of after-images, some 
of which are discussed in other chapters. 

As the intensity of illumination of a landscape, 
for example, decreases toward twilight, the retina 
diminishes in sensibility to the rays of longer wave- 
lengths such as yellow, orange, and red. Therefore, 
it becomes relatively more sensitive to the rays of 
shorter wave-lengtii such as green, blue, and violet. 
The effects of this Purkinje phenomenon (named 
after the discoverer) may bemadded to the class of 
illusions treated in this book. It H interesting to 
note in this connection that moonlight is represented 
on some paintings and especially on the stage as 
greenish blue in color, notwithstanding that ph]rsical 
measurements show it to be approximately the color 
of sunlight. In fact, it is sunlight reflected by dead, 
frigid, and practically colorless matter. 

Some illusions may be directly traced toTthe 
structure of the eye under unusual lighting conditions. 
For example, in a dark room hold a lamp obliquely 
outward but near one eye (the other being closed 
and shielded) and forward sufficiently for the retina 
to be strongly illuminated. Move the lamp gently 
while gazing at a plain dark surface such as the wall. 
Finally the visual field appears dark, due to the in- 
tense illiunination of the retina and there will appear, 
apparently projected upon the wall, an image re- 
sembling a branching leafless tree. These are really 
shadows of the blood vessels in the retina. The 
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experiment is more successful if an image of a 
bright light-source is focused on the sclerotic near 
the cornea. If this image of the light-source is 
moved, the tree-like image seen in thi visual field 
will also move. 

The rate of growth and decay of various color- 
sensations varies considerably. By taking advantage 
of this fact many illusions can be produced. In 
fact, the careful observer will encounter many 
illusions which may be readily accounted for in this 
manner. 

It may be said that in general the eyes are never 
at rest. Involuntary ^e-movements are taking place 
all the time, at least during consciousness. Some 
have given this restlessness a major part in the process 
of vision but aside from the correctness of theories 
involving eye-movements, it is a fact that they are 
responsible for certain illusions. On a star-lit night 
if one lies down and looks up at a star the latter will 
be seen to appear to be swimming about more or 
less jerkily. On viewiog a rapidly revolving wheel 
of an automobile as it proceeds down the street, 
occasionally it will be seen to cease revolving mo- 
mentarily. These apparently are accounted for by 
involuntary eye-movements which take place regard- 
less of the effort made to fixate vision. 

If the eyelids are almost closed, streamers ap- 
pear to radiate in various directions from a light- 
source. Movements of the eyelids when nearly 
closed sometimes cause objects to appear to move. 
These may be accounted for perhaps by the dis- 
tortion of the moist film which covers the cornea. 
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The foregoing are only a few of fhe many visual 
phenomena due largely to the structure of the eye. 
The effects of these and many others enter into visual 
illusions, as will be seen here and there throughout 
the chapters which follow. 
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VISION 

A DESCRIPTION of the eye by no means suf- 
fices to clarify the visual process. Even the 
descriptions of various phenomena in the pre- 
ceding chapter accomplish little more than to ac- 
quaint the reader with the operation of a mechanism^ 
although they suggest the trend of the explanations 
of many illusions. At best only monocular vision 
has been treated, and it does not exist normally for 
human beings. A person capable only of monocular 
vision would be like Cyclops Polyphemus. We might 
have two eyes, or even, like Argus, possess a hundred 
eyes and still not experience the wonderful advan- 
tages of binocular vision, for each eye might see in- 
dependently. The phenomena of binocular vision 
are far less physical than those of monocular vision. 
They are much more obscure, illusory, and perplexing 
because they are more complexly interwoven with or 
allied to psychological phenomena. 

The sense of sight differs considerably from the 
other senses. The sense of touch requires solid con- 
tact (usually); taste involves liquid contact; smell, 
gaseous contact; and hearing depends upon a relay 
of vibrations from an object through another medium 
(usually air), resulting finally in contact. However, 
we perceive things at a distance through vibration 
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(electromagnetic waves called light) conveyed by a 
subtle, intangible, universal medium which is un- 
recognizable excepting as a hypotiietically necessary 
bearer of light-waves or, more generally, radiant 
energy. 

It also is interesting to compare the subjective- 
ness and objectiveness of sensations. The sensation 
of taste is subjective ; it is in us, not in the body tasted. 
In smell we perceive the sensation in the nose and by 
experience refer it to an object at a distance. The 
sensation of hearing is objective; that is, we refer 
the cause to an object so completely that there is 
practically no consciousness of sensation in the ear. 
In sight the impression is so completely projected out- 
ward into space and there is so little consciousness 
of any occurrence in the eye that it is extremely dif- 
ficult to convince ourselves that it is essentially a 
subjective sensation. The foregoing order repre- 
sents the sense-organs in increasing specialization 
and refinement In the two higher senses — sight 
and hearing — there is no direct contact with the 
object and an intricate mechanism is placed in front 
of the specialized nerve to define and to intensify the 
impression. In the case of vision this highly developed 
instrument makes it possible to see not only light but 
objects. 

As we go up the scale of vertebrate anhnals we 
find that there is a gradual change of the position of 
the eyes from the sides to the front of the head and 
a change of the inclination of the optical axes of the 
two eyes from 180 degrees to parallel. There is also 
evident a gradual increase in the fineness of the 
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bacillary layer of the retina from the margins toward 
the center, and, therefore, an increasing accuracy in 
the perception of form. This finally results in a highly 
organized central spot or fovea which is possessed 
only by man and the hi^^er monkeys. Proceeding 
up the scale we also find an increasing ability to con- 
verge the optic axes on a near point so that the images 
of the point may coincide with the central spots of both 
retinas. These changes and others are closely as- 
sociated with each other and especially with the 
development of the hi|^er faculties of the mind. 

Binocular vision in man and in the higher animals 
is the last result of the gradual improvement of the 
most refined sense-organ, adapting it to meet the 
requirements of highly complex organisms. It can- 
not exist in some animals, such as birds and fishes, 
because they cannot converge their two optical axes 
upon a near point. When a chicken wishes to look 
intently at an object it turns its head and looks with 
one eye. Such an animal sees with two eyes in- 
dependently and possibly moves them independently. 
The normal position of the axes of human eyes is 
convergent or parallel but it is possible to diverge 
the axes. In fact, with practice it is possible to di- 
verge the axes sufficiently to look at a point near the 
back of the head, although, of course, we do not 
see the point. 

The movement of the eyes is rather complex. 
When they move together to one side or the other 
or up and down in a vertical plane there is no rotation 
of the optical axes; that is, no torsion. When the 
visual plane is elevated and the eyes move to the 
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right fhey rotate to the right; when they move to 
the left they rotate to the left. When the visual plane 
is depressed and the eyes move to the right they 
rotate to the left; when they move to the left they 
rotate to the right. Through experience we uncon- 
sciously evaluate the muscular stresses, efforts, and 
movements accompanying the motion of the eyes 
and thereby interpret much through visual percep- 
tion in regard to such aspects of the external world 
as size, shape, and distance of objects. Even this 
brief glimpse of the principal movements of the eyes 
indicates a complexity which suggests the intricacy 
of the explanations of certain visual phenomena. 

,At this point it appears advantageous to set down 
the principal modes by which we perceive the third 
dimension of space and of objects and other aspects 
of the external world. They are as follows: (1) ex- 
tent; (2) clearness of brightness and color as af- 
fected by distance; (3) interference of near objects 
with those more distant; (4) elevation of objects; 
(6) variation of light and shade on objects; (6) cast 
shadows; (7) p^csfiec^ye; (8) variation of the visor 
angle in proportion to distance; (9) muscular effort 
attending accommodation of the eye ; (10) stereoscopic 
vision; (11) muscular effort attending convergence 
of the axes of the eyes. It will be recognized that 
only the last two are necessarily concerned with 
binocular vision. These varieties of experiences 
may be combined in almost an infinite variety of 
proportions. 

Wundt in his attempt to explain visual percep- 
tion considered chiefly three factors: (1) the retinal 
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image of fhe eye at rest; (2) the influence of the move- 
ments of one eye; and, (3) the additional data fur- 
nished by the two eyes functioning together. There 
are three fields of vision corresponding to the fore- 
going. These are the retinal field of vision, the mo- 
nocular fieldi and the binocular field. The retinal 
field of vision is that of an eye at rest as compared 
with the monocular field, which is all that can be seen 
with one eye in its entire range of movement and 
therefore of experience. The retinal field has no 
clearly defined boundaries because it finally fades 
at its indefinite periphery into a region where sensa- 
tion ceases. 

It might be tiresome to follow detailed analyses 
of the many modes by which visual perception is 
attained, so only a few generalizations will be pre- 
sented. For every voluntary act of sight there are 
two adjustments of the eyes, namely, focal and aziaL 
In the former case the ciliaiy muscle adjusts the lens 
in order to produce a defined image upon the retina. 
In axial adjustments the two eyes are turned by 
certain muscles so that their axes meet on the object 
looked at and the images of the object fall on the 
central-spots of the retina. These take place together 
without distinct volition for each but by the single 
voluntary act of looking. Through experience the in- 
tellect has acquired a wonderful capacity to interpret 
such factors as size, form, and distance in terms of 
the muscular movements in general without the ob- 
server being conscious of such interpretations. 

Binocular vision is easily recognized by holding a 
finger before the eyes and looking at a point beyond 
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it. The result is two apparently transparent fingers. 
An object is seen single when the two retinal images 
fall on corresponding points. Direction is a primary 
datum of sense. The property of corresponding points 
of the two retinas (binocular vision) and consequently 
of identical spatial points in the two visual fields is 
not so simple. It is still a question whether corre- 
sponding points (that is, the existence of a correspond- 
ing point in one retina for each point in the other 
retina) are ionatOi instinctive, and are antecedent 
of experience or are ^* paired '' as the result of ex- 
perience. The one view results in the nativistic, the 
other in the empiristic theory. Inasmuch as some 
scientists are arrayed on one side and some on the 
other, it appears futile to dwell further upon this 
aspect. It must sufiSce to state that binocular vision, 
which consists of two retinas and consequently two 
fields of view absolutely coordinated in some manner 
in the brain, jdelds extensive information concerning 
space and its contents. 

After noting after-images, motes floating in the 
field of view (caused by defects in the eye-media) 
and various other things, it is evident that what we 
call the field of view is the external projection into 
space of retinal states. All the variations of the 
latter, such as images and shadows which are pro- 
duced in the external field of one eye, are faithfully 
reproduced in the external field of the other eye. 
This sense of an external visual field is ineradicable. 
Even when the eyes are closed the external field is 
still there; the imagination or intellect projects it 
outward. Objects at different distances cannot be 
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seen distinctly at the same time but by interpreting 
the eye-movements as the point of sight is run back- 
ward and forward (varying convergence of the axes) 
the intellect practically automatically appraises the 
size, form, and distance of each object. Obviously, 
experience is a prominent factor. The perception of 
the third dimension, depth or relative distance, whether 
in a single object or a group of objects, is the result 
of the successive combination of the different parts 
of two dissimilar images of the object or group. 

As already stated, the perception of distance, size, 
and form is based partly upon monocular and partly 
upon binocular vision, and the simple elements upon 
which judgments of these are based are light, shade, 
color, intensity, and direction. Although the inter- 
pretation of muscular adjustments plays a prominent 
part in the formation of judgments, the influences of 
mathematical perspective, light, shade, color, and in- 
tensity are more direct. Judgments based upon focal 
adjustment (monocular) are fairly accurate at dis- 
tances from five inches to several yards. Those 
founded upon axial adjustment (convergence of the 
two axes in binocular vision) are less in error than the 
preceding ones. They are reliable to a distance of 
about 1000 feet. Judgments involving mathematical 
perspective are of relatively great accuracy without 
limits. Those arrived at by interpreting aerial per- 
spective (haziness of atmosphere, reduction in color 
due to atmospheric absorption, etc.) are merely 
estimates liable to large errors, the accuracy depend- 
ing largely upon experience with local conditions. 

The measuring power of the eye is more liable 
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to error when the distances or the objects compared 
lie in different directions. A special case is the com- 
parison of a vertical distance with a horizontal one. 
It is not uncommon to estimate a vertical distance 
as much as 26 per cent greater than an actually equal 
horizontal distance. In general, estimates of direction 
and distance are comparatively inaccurate when only 
one eye is used although a one-eyed person acquires 
unusual ability through a keener experience whetted 
by necessity. A vertical line drawn perpendicular to 
a horizontal one is Ukely to appear bent when viewed 
with one eye. Its apparent inclination is variable but 
has been found to vary from one to three degrees. 
Monocular vision is Ukely to cause straight lines to 
appear crooked, although the *' crookedness '' may 
seem to be more or less unstable. 

The error in the estimate of size is in reality an 
error in the estimation of distance except in those 
cases where the estimate is based directly upon a com- 
parison with an object of supposedly known size. 
An amusing incident is told of an old negro who was 
hunting for squirrels. He shot several times at what 
he supposed to be a squirrel upon a tree-trunk and his 
failure to make a kiU was beginning to weaken his 
rather ample opinion of his skill as a marksman. A 
complete shattering of his faith in his skill was only 
escaped by the discovery that the *' squirrel " was a 
louse upon his eyebrow. Similarly, a gnat in the air 
might appear to be an airplane under certain favorable 
circumstances. It is interesting to note that the 
estimated size of the disk of the sun or moon varies 
from the size of a saucer to that of the end of a barrel, 
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although a pine tree at the horizon-line may be esti- 
mated as 26 feet across despite the fact that it may 
be entirely included in the disk of the sun setting 
behind it 

Double images play an important part in the com- 
parison of distances of objects. The '< doubling " of 
objects is only equal to the interocular distance. Sup- 
pose two horizontal wires or clotheslines about fifty 
feet away and one a few feet beyond the other. On 
looking at these no double images are visible and it is 
difficult or even impossible to see which is the nearer 
when the points of attachment of the ends are screened 
from view. However, if the head is turned to one side 
and downward (90 degrees) so that the interocular 
line is now at right angles (vertical) to the horizontal 
lines, the relative distances of the latter are brought 
out distinctly. Double images become visible in the 
latter case. 

According to Briicke's theory the eyes are con- 
tinuously in motion and the observer by alternately 
increasing or decreasing the convergence of the axes 
of the eyeS| combines successively the different parts 
of the two scenes as seen by the two eyes and by 
running the point of sight back and forth by trial obtains 
a distinct perception of binocular perspective or relief 
or depth of space. It may be assumed that experience 
has made the observer proficient in this appraisal 
which he arrives at almost unconsciously, although 
it may be just as easy to accept Wheatstone's explana- 
tion. In fact, some experiences with the stereoscope 
appear to support the latter theory. 

Wheatstone discovered that the dissimilar pictures 
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of an object or scene, when united by means of optical 
systemsi produce a visual effect similar to that pro- 
duced by the actual solid object or scene provided 
the dissimilarity is the same as that between two 
retinal images of the solid object or scene. This is 
the principle upon which the familiar stereoscope is 
founded. Wheatstone formulated a theory which may 
be briefly stated as follows : In viewing a solid object 
or a scene two slightly dissunilar retinal hnages are 
formed in the two eyes respectively, but the mind com- 
pletely fuses them into one ^^ mental '' hnage. When 
this mental fusion of the two really dissimilar retinal 
images is complete in this way, it is obvious that there 
cannot exist a mathematical coincidence. The re- 
sult is a perception of depth of space, of solidity, of 
relief. In fact the third dimension is perceived. A 
stereoscope accomplishes this in essentially the same 
manner, for two pictures, taken from two different 
positions respectively corresponding to the positions 
of the eyes, are combined by means of optical systems 
into one image. 

Lack of correct size and position of the individual 
elements of stereoscopic pictures are easily detected 
on combining them. That is, their dissimilarity must 
exactly correspond to that between two views of an 
object or scene from the positions of the two eyes 
respectively (Fig. 2). This fact has been made use 
of in detecting counterfeit notes. If two notes made 
from the same plate are viewed in a stereoscope and 
the identical figures are combined, the combination 
is perfect and the plane of the combined images is 
perfectly flat. If the notes are not made from the 
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same plate but one of them is counterfeit, slight 
variations in the latter are unavoidable. Such varia- 
tions will show themselves in a wavy surface. 

The unwillingness of the visual sense to combine 
the two retinal images, if they are dissimilar to the 
extent of belonging to two different objects, is em- 
phasized by means of colors. For example, if a green 
glass is placed over one eye and a red glass over the 
other, the colors are not mixed by the visual sense. 
The addition of these two colors results normally in 
yellow, with little or no suggestion of the components — 
red and green. But in the foregoing case the visual 
field does not appear of a uniform yellow. It appears 
alternately red and green, as though the colors 
were rivaling each other for complete mastery. In 
fact, this phenomenon has been termed ^^ retinal 
rivalry.*' 

The lenses of the stereoscope supplement eye- 
lenses and project on the retina two perfect images 
of a near object, although the eyes are looking at a 
distant object and are therefore not accommodated 
for the near one (the photographs). The lenses en- 
large the images similar to the action of a perspective 
glass. This completes the illusion of an object or of 
a scene. There is a remarkable distinctness of the 
perception of depth of space and therefore a wonder- 
ful resemblance to the actual object or scene. It is 
interesting to note the effect of taking the two original 
photographs from distances separated by several feet 
The effect is apparently to magnify depth. It is note- 
worthy that two pictures taken from an airplane at 
points fifty feet or so apart, when combined in the 



40 VISITAL ILLITSIONS 



Stereoscope, so magnify fhe depth that certain enemy- 
works can be more advantageously detected than from 
ordinary photographs. 

Stereoscopic images such as represented in Fig. 2 
may be combined without the aid of the stereoscope 
if the optical axes of the eye can be sufficiently con- 
verged or diverged. Such images or pictures are 
usually upon a card and are intended to be combined 
beyond the plane of the card, for it is in this position 
that the object or scene can be perceived in natural 
perspective, of natural size, of natural form, and at 
natural distance. But in combining them the eyes 
are looking at a distant object and the axes are parallel 
or nearly so. Therefore, the eyes are focally adjusted 
for a distant object but the light comes from a very 
near object — the pictures on the card. Myopic eyes 
do not experience this difficulty and it appears that 
normal vision may be trained to overcome it. Normal 
eyes are aided by using slightly convex lenses. Such 
glasses supplement the lenses of the eye, making 
possible a clear vision of a near object while the eyes 
are really looking far away or, in other words, making 
possible a clear image of a near object upon the retina 
of the unadjusted eye. Stereoscopic pictures are 
usually so mounted that *^ identical points " on the 
two pictures are farther apart than the interocular 
distance and therefore the two images caimot be 
combined when the optical axes of the eyes are parallel 
or nearly so, which is the condition when looking at 
a distant object. In such a case the two pictures must 
be brought closer together. 

In Figs. 2 and 3 are found ^^ dissimilar " 
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of fhe correct dissimilarity of stereoscopic pictures. 
It is interesting and instructive to practice combining 
these with the unaided eyes. If Fig. 2 is held at an 
arm's length and the eyes are focused upon a point 
several inches distant, the axes will be sufficiently 





Fig. 2. — stereoscopic pictures for combining by converging 

or diverging the optical axes. 

converged so that the two images are superposed. It 
may help to focus the eyes upon the tip of a finger 
until the stereoscopic images are combined. In this 
case of converging axes the final combined result will 
be the appearance of a hollow tube or of a shell of a 
truncated cone, apparently possessing the third di- 
mension and being perceived as apparently smaller 
than the actual pictures in the background at arm's 





Fig. 8. — Stereoscopic pictures. 

length. If the two stereoscopic pictures are combined 
by looking at a point far beyond the actual position 
of Fig. 2, the combined effect is a solid truncated 
cone but perceived as of about the same size and at 
about the same distance from the eye as the actual 
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diagrams. In the latter case the smaller end of the 
apparent solid appears to be nearer than the larger 
end| but in the former case the reverse is truOi that is, 
the smaller end appears to be at a greater distance. 
The same experiments may be performed for Fig. 3 
with similar results excepting that this appears to be 
a shell under the same circumstances that Fig. 2 
appears to be a solid and vice versa. A few patient 
trials should be rewarded by succesSi and if so the 
reader can gain much more understanding from the 
actual experiences than from description. 

The foregoing discussion of vision should indicate 
the complexity of the visual and mental activities in- 
volved in the discrimination, association, and inter- 
pretation of the data obtained through the eye. The 
psychology of visual perception is still a much contro- 
verted domain but it is believed that the glimpses of 
the process of vision which have been afforded are 
sufficient to enable the reader to understand many 
illusions and at least to appreciate more fully those 
whose explanations remain in doubt. Certainly these 
glimpses and a knowledge of the information which 
visual perception actually supplies to us at any moment 
should convince us that the visual sense has acquired 
an incomparable facility for interpreting the objective 
world for us. Clearness of vision is confined to a small 
area about the point of sight, and it rapidly diminishes 
away from this point, images becoming dim and 
double. We sweep this point of sight backward and 
forward and over an extensive field of view, gathering 
all the distinct impressions into one mental image. 
In doing this the unconscious interpretation of the 
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muscular activity attending accommodation and con- 
vergence of the eyes aids in giving to this mental 
picture the appearance of depth by establishing relative 
distances of various objects. Certainly the acquired 
facility is remarkable. 



IV 

SOME TYPES OF GEOMETRICAL 

ILLUSIONS 

NO simple classification of illusions is ample or 
satisfactory! for there are many factors inter- 
woven. For this reason no claims are made 
for the various divisions of the subject represented 
by and in these chapters excepting that of conven- 
ience. Obviously, some divisions are necessary in 
order that the variegated subject may be presentable. 
The classification used appears to be logical but veiy 
evidently it cannot be perfectly so when the ^^ logic " 
is not wholly available, owing to the disagreement 
found among the explanations offered by psycholo- 
gists. It may be argued that the ^^geometrical" 
type of illusion should include many illusions which 
are discussed in other chapters. Indeed, this is per- 
haps true. However, it appears to suit the present 
purpose to introduce this phase of this book by a group 
of illusions which involve plane geometrical figures. 
If some of the latter appear in other chapters, it is 
because they seem to border upon or to include other 
factors beyond those apparently involved in the simple 
geometrical type. The presentation which follows 
begins (for the sake of clearness) with a few repre- 
sentative geometrical illusions of various types. 

The Effect of the Location in the Visual Field.— 
One of the most common illusions is found in the 
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letter " S " or figure " 8." Ordinarily we are not 
strongly conscious of a difference in the size of the 
upper and lower parts of these characters; however, 
if we invert them (8888 SSSS) the difference is seen 
to be large. The question arises, Is the difference 
due fundamentally to the locations of the two parts 
in the visual field? It scarcely seems credible that 
visual perception innately appraises the upper part 
larger than the lower, or the lower smaller than the 
upper part when these small characters are seen in 
their accustomed position. It appears to be possible 
that here we have examples of the effect of learning 
or experience and that our adaptive visual sense has 
become accustomed to overlook the actual difference. 
That is, for some reason through being confronted 
with this difference so many times, the intellect has 
become adapted to it and, therefore, has grown to 
ignore it. Regardless of the explanation, the illusion 
exists and this is the point of chief interest. For the 
same reason the curvature of the retina does not 
appear to account for illusion through distortion of 
the image, because the training due to experience 
has caused greater difficulties than this to disappear. 
We must not overlook the tremendous " corrective ** 
influence of experience upon which visual perception 
for the adult is fotmded. If we have learned to " cor- 
rect " in some cases, why not in all cases which we 
have encountered quite generally? 

This type of illusion persists in geometrical figures 
and may be found on every hand. A perfect square 
when viewed vertically appears too high, although 
the illusion does not appear to exist in the circle. In 
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Fig. 4 the vertical line appears longer than the hori- 
zontal line of the same length. This may be readily 
demonstrated by the reader by means of a variety of 
figures. A striking case is found in Fig. S, where the 
height and the width of the diagram of a silk hat are 
equal. Despite the actual equality the height appears 



. 4. — The verticAl line appears longer than 
the equal horizontal line in each case. 



to be much greater than the width. A pole or a tree 
is generally appraised as of greater length w^en it is 
standing than when it lies on the grotmd. ^This il- 
lusion may be demonstrated by placing a black dot 
an inch or so above another on a white paper. Now, 
at right angles to the original dot place another at a 
horizontal distance which appears equal to the vertical 
distance of the first dot above the original. On turn- 
ing the paper through ninety degrees or by actual 
measurement, the extent of the illusion will become 
apparent. By doing this several times, using various 
distances, this type of illusion becomes convincing. 
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The explanation accepted by some is fhat more 
effort is required to raise the eyes, or point of sigh 
tiirough a certain vertical distance than through an 
equal horizontal distance. Perhaps we unconsciously 
appraise effort of this sort in terms of distance, but 
is it not logical to inquire why we have not through 





Fig. 6. — The yertical dimenfikm is equal to the hoci* 
zontal one, but the f onner appears greater. 

experience learned to sense the difference between 
the relation of effort to horizontal distance and that 
of effort to vertical distance through which the point 
of sight is moved? We are doing this continuously, 
so why do we not learn to distinguish; furthermore, 
we have overcome other great obstacles in developing 
our visual sense. In this complex field of physiological 
psychology questions are not only annoying, but often 
disruptive. 
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As has been pointed out in Chapter 11, images of 
objects l3ring near the periphery of the visual field are 
more or less distorted, owing to the structure and to 
certain defects of parts of the eye. For example, a 
checkerboard viewed at a proper distance with respect 
to its size appears quite distorted in its outer regions. 
Cheap cameras are likely to cause similar errors in 
the images fixed upon the photographic plate. Pho- 
tographs are interesting in connection with visual il- 
lusions, because of certain distortions and of the 
magnification of such aspects as perspective. In- 
cidentally in looking for illusions, difficulty is some- 
times experienced in seeing them when the actual 
physical truths are known; that is, in distinguishing 
between what is actually seen and what actually exists. 
The ability to make this separation grows with prac- 
tice but where the difficulty is obstinate, it is well for 
the reader to try observers who do not suspect the 
truth. 

Illusions of Interrupted Extent. — Distance and 
area appear to vaiy in extent, depending upon whether 
they are filled or empty or are only partially filled. 
For example, a series of dots will generally appear 
longer overall than an equal distance between two 
points. This may be easily demonstrated by arrang- 
ing three dots in a straight line on paper, the two inter- 
vening spaces being of equal extent, say about one 
or two inches long. If in one of the spaces a series 
of a dozen dots is placed, this space will appear longer 
than the empty space. However, if only one dot is 
placed in the middle of one of the empty spaces, this 
space now is likely to appear of less extent than the 
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empty space. (See Fig. 7.) A specific example of this 
type of illusion is shown in Fig. 6. The filled or di- 
vided space generally appears greater than the empty 
or undivided space, but certain qualifications of this 
statement are necessary. In a the divided space 
unquestionably appears greater than the empty space. 
Apparently the filled or empty space is more important 
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Fig. 6. — The divided or filled space on (be left appears longer than the equal 

space on the right. 

than the amount of light which is received from the 
clear spaces, for a black line on white paper appears 
longer than a white space between two points sep- 
arated a distance equal to the length of the black line. 
Furthermore, apparently the spacing which is the 
most obtrusive is most influential in causing the 
divided space to appear greater for a than for b. The 
illusion still persists in c. 

An idea of the magnitude may be gained from 
certain experiments by Aubert. He used a figtire 
similar to a Fig. 6 containing a total of five short lines. 
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Four of them were equally spaced over a 
of 100 mm. corresponding to the left half of a. Fig. 6. 
The remaining line was placed at the extreme right 
and defined the limit of an empty space also 100 mm. 
long. In all cases, the length of the empty space ap- 
peared about ten per cent less than that of the space 



b 

ig. 7. — The three ttnes are of equal length. 



occupied by the four lines equally spaced. Various 
experimenters obtain different results, and it seems 
reasonable that the differences may be accounted 
for, partially at least, by different degrees of uncon- 
scious correction of the illusion. This emphasizes the 
desirability of using subjects for such experiments 
who have no knowledge pertaining to the illusion. 

As already stated there are apparent exceptions 
to any simple rule, for, as in the case of dots cited in a 
preceding paragraph, the illusion depends upon the 

o o o 

Fig. 8. — The distance between the two circles on the left is equal to the 
distance between the outside edges of the two circles on the right. 

manner in which the division is made. For example, 
in Fig. 7, a and c are as likely to appear shorter than 
b as equal to it. It has been concluded by certain 
investigators that when subdivision of a line causes 
it to appear longer, the parts into which it is divided 
or some of them are likely to appear shorter than 
isolated lines of the same length. The reverse of 
statement also appears to hold. For example in 
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Fig. 7, a appears shorter than 
b and the central part appears 
lengthened, although the total 
line appears shortened. This 
illusion is intensified by leav- 
ing the central section blank. 
A figure of this sort can be 
readily drawn by the reader 
by using short straight lines 
in place of the circles in Fig. 
8. In this figure the space 
between the inside edges of 
the two circles on the left ap- 
pears larger than the overall 
distance between the outside 
edges of the two circles on 
the right, despite the fact that 
these distances are equal. It 
appears that mere intensity of 
retinal stimulation does not 
account for these illusions, 
but rather the figures which 
we see. 

In Fig. 9 the three squares 
are equal in dimensions but 
the different characters of the 
divisions cause tiiem to ap- 
pear not only unequal, but no 
longer squares. In Fig. 10 



Fig. 9. — Three squares of equal dimen- 
sioiia which appear different in area 
and dimension* 
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the distance between the outside edges of the three 
circles arranged horizontally appears greater than the 
empty space between the upper circle and the left- 
hand circle of the group. 

Illusions of Contour. — The illusions of this type, 
or exhibiting this influence, are quite numerous. In 





Fig. 10. — Tbe vertical distance between the upper circle and the left-hand 
one of fhe group is equal to fhe overall length of the group of three circles. 

Fig. 11 there are two semicirclesi one closed by a 
diameter, the other unclosed. The latter appears 
somewhat flatter and of slightly greater radius than 
the closed one. Similarly in Fig. 12 the shorter por- 
tion of the interrupted circumference of a circle ap- 
pears flatter and of greater radius of curvature than 
the greater portions. In Fig. 13 the length of the 
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middle space and of the open-sided squares are equal. 
In fact there are two uncompleted squares and an 
empty '^ square " between, the three of which are of 
equal dimensions. However the middle space ap- 






Fig. 11. — Two equal semicircles. Fig. 12. — Arcs of the same circle 

pears slightly too high and narrow; the other two 
appear slightly too low and broad. These figures are 
related to the well-known Miiller-Lyer illusion il- 
lustrated in Fig. 66. Some of the illusions presented 
later will be seen to involve the influence of contour. 



Fig. 13. — Three incomplete but equal squares. 



Examples of these are Figs. 66 and 60. In the former, 
the horizontal base line appears to sag; in the latter, 
the areas appear unequal, but they are equal. 

Illusions of Contrast. — Those illusions due to 
brightness contrast are not included in this group, 
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for ^^ contrast " here refers to lines, angles and areas 
of different sizes. In general, parts adjacent to large 
extents appear smaller and those adjacent to small 
extents appear larger. A simple case is shown in 
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Fig. 14. — Middle sections of the two lines are equal. 

Fig. 14, where the middle sections of the two lines 
are equal, but that of the shorter line appears longer 
than that of the longer line. In Fig. 16 the two parts 
of the connecting line are equal, but they do not appear 
so. This illusion is not as positive as the preceding 
one and, in fact, the position of the short vertical 
dividing line may appear to fluctuate considerably. 





Fig. 16. — An effect of contrasting areas (Baldwin's figure). 



Fig. 16 might be considered to be an illusion of 
contour, but the length of the top horizontal line of the 
lower figure being apparently less than that of the top 
line of the upper figure is due largely to contrasting 
the two figures. Incidentally, it is difficult to believe 
that the maximum horizontal width of the lower figure 
is as great as the maximum height of the figure. At 
this point it is of interest to refer to other contrast 
illusions such as Figs. 20, 67, and 69. 
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A strikmg illusion of contrast is shown in Fig. 17, 
where the central circles of the two figures are equal, 
although the one surrounded by the large circles ap- 
pears much smaller than the other. Similarly, in 
Fig. 18 the inner circles of b and c are equal but that 
of b appears the laiger. The inner circle of a appears 



Fig. 16. — An illusion of contrast. 

larger than the outer circle of 6, despite their actual 
equality. 

In Fig. 19 the circle nearer the apez of the angle 
appears laiger than the other. This has been pre- 
sented as one reason why the sun and moon appear 
larger at the horizon than when at higher altitudes. 
This explanation must be based upon the assumption 
that we interpret the ^Wault" of the sky to meet 
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Fig. 17. — Equal circles which appear unequal due to contrast 

(Ebbinghaus* figure). 




a 





Fig. 18. — Equal circles appearing unequal owing to contrasting 

concentric circles. 
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at the horizon in a manner somewhat similar to the 
angle but it is difficult to imagine such an angle made 
by the vault of the sky and the earth's horizon. If 




Fig. 19. — Circles influenced by position within an angle. 

there were one in reality, it would not be seen in 
profile. 

If two angles of equal size are bounded by small 
and large angles respectivelyi the apez in each case 





Fig. 20. — Contrasting angles. 

being common to the inner and two bounding angles, 
the effect of contrast is veiy apparent, as seen in Fig. 20. 
In Fig. 67 are foimd examples of effects of lines con- 
trasted as to length. 
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The reader may readily construct an extensive 
variety of illusions of contrast; in fact, contrast plays 
a part in most geometrical-optical illusions. The 




Fig. 21. — Owing to penpectiye the right 
angles appear oblique and vice yersa. 

contrasts may be between existing lines, areas, etc., 
or the imagination may supply some of them. 

Illusions of Perspective. — As the complexity of 
figures is increased the number of possible illusions 




Fig. 22. — Two equal diagonals which appear unequaL 

is multiplied. In perspective we have the influences 
.of various factors such as lines, angles, and some- 
rtimes contour and contrast. In Fig. 21 the sug- 
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gestion due to the perspective of the cube causes 
right angles to appear oblique and oblique angles to 
appear to be right angles. This figure is particularly 
illusive. It is interesting to note that even an after- 
image of a right-angle cross when projected upon a 
wall drawn in perspective in a painting will appear 
oblique. 



Fig. 28. — Apparent yariations in the distance between 

two parallel lines. 

A striking illusion involving perspective, or at least 
the influence of angles, is shown in Fig. 22. Here the 
diagonals of the two parallelograms are of equal 
length but the one on the right appears much smaller. 
That AX is equal in length to i4F is readily demon- 
strated by describing a circle from the center A and 
with a radius equal to AX. It will be found to pass 
through the point F. Obviously, geometiy abounds 
in geometrical-optical illusions. 



60 



VISUAL ILLUSIONS 



The effect of contrast is seen in a in Fig. 23 ; that 
iS| the short parallel lines appear further apart than 
the pair of long ones. By adding the oblique lines 
at the ends of the lower pair in b^ these parallel lines 




Fig. 24. — A striking illusion of perspective. 

now appear further apart than the horizontal parallel 
lines of the small rectangle. 

The influence of perspective is particularly ap- 
parent in Fig. 24, where natural perspective lines 
are drawn to suggest a scene. The square columns 
are of the same size but the further one, for example, 
being apparently the most distant and of the same 
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physical dimensions, actually appears much larger. 
Here is a case where experience, allowing for a di- 
minution of size witii increasing distance, actually 
causes the column on the right to appear larger than 
it leally is. The artist will find this illusion even more 



Hg. 20. — Distortion ot a square due to superposod Itaes. 

striking if he draws tiiree human figures of the same 
size hut similarly disposed in respect to perspective 
lines. Apparently converging lines influence these 
equal figures in proportion as they suggest perspective. 
Although they are not necessarily illusions of 
perspective. Figs. 26 and 26 are presented here be- 
cause they involve similar influences. In Fig. 26 the 
hollow square is superposed upon groups of oblique 
lines so arranged as to apparently distort the square. 
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In Fig. 26 distortions of the circumference of a circle 
are obtained in a similar manner. 

It is interesting to note that we are not particu- 
larly conscious of oerspective, but it is seen that it 



Pig. 2S. — Distortloii of ■ circle due to superposed lines. 

has been a factor in fbe development of our visual 
perception. In proof of this we might recall the first 
time as children we were asked to draw a railroad 
track trailing off in the distance. Doubtless, most 
of us drew two parallel lines instead of converging ones. 
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A pjerson approaching us is not sensibly perceived 
to grow. He is more likely to be perceived all the time 
as of normal size. The finger held at some distance 
may more than cover the object such as a distant 
person, but the finger is not ordinarily perceived 
as larger than the person. Of course, when we think 
of it we are conscious of perspective and of the in- 
crease in size of an approaching object. When a 
locomotive or automobile approaches very rapidly, 
this '^ growth '' is likely to be so striking as to be 
generally noticeable. The reader may find it of 
interest at this point to turn to illustrations in other 
chapters. 

The foregoing are a few geometrical illusions of 
representative types. These are not all the types of 
illusions by any means and they are only a few of an 
aknost numberless host. These have been presented 
in a brief classification in order that the reader might 
not be overwhelmed by the apparent chaos. Various 
special and miscellaneous geometrical iQusions are 
presented in later chapters* 



EQUIVOCAL FIGURES 

MANY figures apparently change in appearance 
owing to fluctuations in attention and in as- 
sociations. A human profile in intaglio (Figs. 
72 and 73) may appear as a bas-relief. Crease a card 
in the middle to form an angle and hold it at an arm's 
length. When viewed with one eye it can be made 
to appear open in one way or the other; that is, the 
angle may be made to appear pointing toward the 
observer or away from him. The more distant part 
of an object may be made to appear nearer than the 
remaining part. Plane diagrams may seem to be 
solids. Deception of this character is quite easy if the 
light-source and other extraneous factors are con- 
cealed from the observer. It is very interesting to 
study these fluctuating figures and to note the various 
extraneous data which lead us to judge correctly. 
Furthermore, it becomes obvious that often we see 
what we expect to see. For example, we more com- 
monly encoimter relief than intaglio; therefore, we 
are likely to think that we are looking at the former. 
Proper consideration of the position of the domi- 
nant light-source and of the shadows will usually 
provide the data for a correct conclusion. However, 
habit and probability are factors whose influence is 
diflSicult to overcome. Our perception is strongly 

64 
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associated with accustomed ways of seeing objects 
and when the object is once suggested it grasps our 
mind completely in its stereotyped form. Stairs, 
glasses, rings, cubes, and intaglios are among the 
objects commonly used to illustrate this ^pe of il- 
lusion. In connection with ibis type, it is well to 



ng. ST. — mnstntliig flnctiuitioil of attention. 

realize how tenaciously we cling to our perception 
of tiie real shapes of objects. For example, a cube 
thrown into the air in such a manner that it presents 
many aspects toward us is tiirou^out its course 
a cube. 

The figures which exhibit these illusions are 
obviously Qiose which are capable of two or more 
spatial relations. The double interpretation is more 
readily accomplished by monocular than by binocular 
vision. F^. 27 consists of identical patterns in black 
and white. By gazing upon tbis steadily it will ajqwar 
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to fluctuate in appearance from a white pattern upon 
a bladi baclEground to a bladi pattern upon a white 
background. Sometimes fluctuation of attention ap- 
parently accounts for the change and, in fact, this can 
be tested by willfully altering the attention from a 
white pattern to a black one. Incidentally one in- 



FfC. S8. — The gnmidiis of flie clrcl«a fluctuates. 

vestigator found tiiat the maximum rate of fluctuation 
was approximately equal to the pulse rate, although 
no connection between the two was claimed. It has 
also been found that inversion is accompanied by 
a change in refraction of the eye. 

Another example is shown m Fig. 28. This may 
appear to be white circles upon a black backgroimd 
or a black mesh upon a white background. However, 
the more striking phenomenon is the change in the 
grouping of the circles as attention fluctuates. We 
may be conscious of hollow diamonds of circles, one 
inside the other, and then suddenly the pattern may 
change to groups of diamonds consisting of four 
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circles each. Perhaps we may be momentarily con- 
scious of individual circles; then the pattern may 
change to a hexagonal one, each '^ hexagon " con- 
sisting of seven circles — six surroimding a central 
one. The pattern also changes into parallel strings 
of circles, triangles, etc. 





Fig. 29. — Crossed lines which may be interpreted in two ways. 

The crossed lines in Fig. 29 can be seen as right 
angles in perspective with two different spatial ar- 
rangements of one or both lines. In fact there is 
quite a tendency to see such crossed lines as right 
angles in perspective. The two groups on the right 
represent a shnplified Zollner's illusion (Fig. 37). 
The reader may find it interesting to spend some 
time viewing these figures and in exercising his ability 
to fluctuate his attention. In fact, he must call upon 
his imagination in these cases. Sometimes the 
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changes are rapid and easy to bring about At other 
moments he will encounter an aggravating stubborn- 
ness. Occasionally there may appear a conflict of 
two appearances simultaneously in the same figure. 
The latter may be observed occasionally in Fig. 30. 



Kg. 30. — SererdUe'cnbes. 

Eye-movements are brought forward by some to aid 
in explaining the changes. 

tn Fig. 30 a reversal of the aspect of the individual 
cubes or of their perspective is very apparent. At 
rare moments the effect of perspective may be com- 
pletely vanquished and the figure be made to appear 
as a plane crossed by strings of white diamonds and 
zigzag black strips. 
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The illusion of the bent card or partially open 
book is seen in Fig. 31. The tetrahedron in Fig. 32 
may appear either as erect on its base or as leaning 
backward with its base seen from underneath. 

The series of rings in Fig. 33 may be imagined 






. 31. — The reversible " open 
book " (after Mach). 



Fig. 82. — A reversible tetrahedron. 



to form a tube such as a sheet-metal pipe with its 
axis lying in either of two directions. Sometimes by 
closing one eye the two changes in this type of il- 
lusion are more readily brought about. It is also 
interesting to close and open each eye alternately, 
at the same time tr]ing to note just where the at- 
tention is fixed. 

The familiar staircase is represented in Fig. 34. 
It is likely to appear in its usual position and then 
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suddenly to invert. It may aid in bringing about the 
reversal to insist that one end of a step is first nearer 
than the other and then farther away. By focusing 




Fig* 88. — Reversible perspective of a 
group of rings or of a tube. 

the attention in this manner the fluctuation becomes 
an easy matter to obtain. 

In Fig. 36 is a similar example. First one part 




ig. 84. — Schroder's reversible staircase. 



will appear solid and the other an empty comer, then 
suddenly both are reversed. However, it is striking 
to note one half changes while the other remains un- 
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changed, thus producing momentarily a rather peculiar 
figure consisting of two solids, for example, attached 
by necessarily warped surfaces. 

Perhaps the reader has often witnessed the striking 
illusion of some portraits which were made of sub- 




Fig. 85. — Tlii€ry*s figure. 

jects looking directly at the camera or painter. Re- 
gardless of the position of the observer the eyes of 
the portrait appear to be directed toward him. In 
fact, as the observer moves, the eyes in the picture 
follow him so relentlessly as to provoke even a feeling 
of uncanniness. This fact is accounted for by the ^ 
absence of a third dimension, for a sculptured model 
of a head does not exhibit this feature. Perspective 
plays a part in some manner, but no attempt toward 
explanation will be made. 
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In Fig. 36 are two sketches of a face. One ap- 
pears to be looking at the observer, but the other does 
not. If the reader will cover the lower parts of the 
two figures, leaving only the two pairs of eyes show- 
ing, both pairs will eventually appear to be looking at 
the observer. Perhaps the reader will be conscious 
of mental effort and the lapse of a few moments 
before the eyes on the left are made to appear to be 
looking directly at him. Although it is not claimed 
that this illusion is caused by the same conditions as 
those immediately preceding, it involves attention. 
At least, it is fluctuating in appearance and therefore 
is equivocal. It is interesting to note the influence 
of the other features (below the eyes). The per- 
spective of these is a powerful influence in ^' directing '' 
the eyes of the sketch. 

In the foregoing only definite illusions have been 
presented which are universally witnessed by normal 
persons. There are no hallucinatory phases in the 
conditions or causes. It is diflSicult to divide these 
with definiteness from certain illusions of depth as 
discussed in Chapter Vn. The latter imdoubtedly are 
sometimes entwined to some extent with hallucina- 
tory phases; in fact, it is doubtful if they are not 
alwajTS hallucinations to some degree. Hallucinations 
are not of interest from the viewpoint of this book, 
but illusions of depth are treated because they are of 
interest. They are either hallucinations or are on 
the border-line between hallucinations and those 
illusions which are almost universally experienced by 
normal persons imder similar conditions. The latter 
statement does not hold for illusions of depth in 
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which objects may be seen alternately near and far^ 
large and small, etc., although they are not neces- 
sarily pure hallucinations as distinguished from the 
types of iQusions regarding which tiiere is general 
perceptual agreement. 

In explanation of the illusory phenomena pertain- 
ing to such geometrical figures as are discussed in the 
foregoing paragraphs, chiefly two different kinds of 
hypotheses have been offered. They are respectively 
psychological and physiological, although there is more 
or less of a mixture of the two in most attempts toward 
explanation. The psychological hypotheses introduce 
such factors as attention, imagination, judgment, and 
will. Hering and also Helmholtz claim that the kind 
of inversion which occurs is largely a matter of chance 
or of volition. The latter holds that the perception of 
perspective figures is influenced by imagination or the 
images of memory. That is, if one form of the figure 
is vividly imagined the perception of it is imminent. 
Helmholtz has stated that, '^Glancing at a figure we 
observe spontaneously one or the other form of per- 
spective and usually the one that is associated in our 
memory with the greatest number of images." 

The physiological hypotheses depend largely upon 
such factors as acconunodation and eye-movement. 
Necker held to the former as the chief cause. He 
has stated that the part of the figure whose image lies 
near the fovea is estimated as nearer than those 
portions in the peripheral regions of the visual field. 
This hypothesis is open to serious objections. Wundt 
contends that the inversion is caused by changes in 
the points and lines of fixation. He says, '^ The image 
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of the retina otight to have a determined position if a 
perspective illusion is to appear; but the form of this 
illusion is entirely dependent on motion and direction." 
Some hypotheses interweave the known facts of the 
nervous system with psychological facts but some of 
these are examples of a common anomaly in theori- 
zation, for facts plus facts do not necessarily result in a 
correct theory. That is, two sets of facts interwoven 
do not necessarily yield an explanation which is 
correct 



VI 
THE INFLUENCE OF ANGLES 

AS previously stated, no satisfactory classification 
of visual illusions exists, but in order to cover 
the subject, divisions are necessary. For this 
reason the reader is introduced in this chapter to the 
effects attending the presence of angles. By no 
means does it follow that this group represents an- 
other type, for it really includes many illusions of 
several types. The reason for this grouping is that 
angles play an important part, directly or indirectly, in 
the production of illusions. For a long time many 
geometrical illusions were accoimted for by '^ over- 
estimation" or ^^underestimation" of angles, but 
this view has often been found to be inadequate. 
However, it cannot be denied that many illusions are 
due at least to the presence of angles. 

Apparentiy ZSllner was the first to describe an 
iQusion which is illustrated in simple form in Fig. 29 
and more elaborately in Figs. 37 to 40. The two 
figures at the right of Fig. 29 were drawn for another 
purpose and are not designed favorably for the effect, 
although it may be detected when the figure is held 
at a distance. Zollner accidentally noticed the il- 
lusion on a pattern designed for a print for dress- 
goods. The illusion is but slightiy noticeable in 
Fig. 29, but by multiplying the number of lines (and 
angles) the long parallel lines appear to diverge in 
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the direction that the crossing lines converge, 
studied the case thoroughly and established various 
facts. He found that the illusion is greatest when the 
long parallel lines are inclined about 46 degrees to 
the horizontal. This may be accomplished for Fig. 37, 
by turning the page (held in a vertical plane) through 




Fig. 87. — ZOUner's illusioii of dIractioiL 

an angle of 46 degrees from normal. The illusion 
vanishes when held too far from the eye to distinguish 
the short crossing lines, and its strength varies with 
the inclination of the oblique lines to the main parallels. 
The most effective angle between the short crossing 
lines and the main parallels appears to be approxi- 
mately 30 degrees. In Fig. 37 there are two illusions 
of direction. The parallel vertical strips appear un- 
parallel and the right and left portions of the oblique 
cross-lines appear to be shifted vertically. It is 
interesting to note that steady fixation diminishes and 
even destroys the illusion. 



I 
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The maximiiin effectiveness of the illusioiii when 
the figure is held so that the main parallel lines are 
at an inclination of about 46 degrees to the horizontal 
was accounted for by Z511ner as the result of less 
visual experience in oblique directions. He insisted 
that it takes less time and is easier to infer divergence 
or convergence than parallelism. This explanation ap- 
pears to be disproved by a figure in which slightly 
divergent lines are used instead of parallel ones. 
Owing to the effect of the oblique crossing lines, the 
diverging lines may be made to appear paralleL 
Furthermore it is difficult to attach much importance 
to Zdllner's explanation because the illusion is visible 
under the extremely brief illumination provided by 
one electric spark. Of course, the duration of the 
physiological reaction is doubtless greater than that 
of the spark, but at best the time is very short. Hering 
explained the ZSUner illusion as due to the curvature 
of the retina, and the resulting difference in the 
retinal images, and held that acute angles appear 
relatively too large and obtuse ones too small. The 
latter has been found to have limitations in the ex- 
planation of certain illusions. 

This Z511ner illusion is very striking and may be 
constructed in a variety of forms. In Fig. 37 the 
effect is quite apparent and it is interesting to view 
the figure at various angles. For example, hold the 
figure so that the broad parallel lines are vertical. 
The illusion is very pronounced in this position; 
however, on tilting the page backward the illusion 
finally disappears. In Fig. 38 the short oblique lines 
do not cross the long parallel lines and to make the 
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Fig. 88. — Ptrallel lines which do not tppear so. 




Fig. 89. — Wondt's mnsion of directioa. 
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illusion more striking, the obliquity of the short lines 
is reversed at the middle of the long parallel lines. 
Variations of this figure are presented in Figs. 39 and 
40. In this case by steady fixation the perspective 
e£Fect is increased but there is a tendency for the 
parallel lines to appear more nearly truly parallel 



Pig. U. — HerinE'B lUnsloii of directloii. 

than when the point of sight is permitted to roam over 
the figures. 

Many investigations of the ZSllner illusion are 
recorded in the literature. From these it is obvious 
that the result is due to the additive effects of many 
simple illusions of angle. In order to give an idea 
of the manner in which such an illusion may be built 
up the reasoning of Jastrow ' will be presented in 
condensed form. When two straight lines such as 
A and B in Fig. 41 are separated by a space it is usu- 
ally possible to connect the two mentally and to de- 
termine whether or not, if connected, they would lie 
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on a Straight line. However, if another line is con- 
nected to one, thus forming an angle as C does with 
Aj the lines which appeared to be continuous (as A 
and B originally) no longer appear so. The converse 
is also true, for lines which are not in the same straight 
line may be made to appear to be by the addition of 
another line forming a proper angle. All these vari- 



A — — — — ^ B 



Fig. 41. — Simple effect of angles. 

ations cannot be shown in a single figure, but the reader 
will find it interesting to draw them. Furthermore, 
the letters used on the diagram in order to make the 
description clearer may be confusing and these can be 
eliminated by redrawing the figure. In Fig. 41 the 
obtuse angle AC tends to tilt A downward, so ap- 
parently if A were prolonged it would fall below B. 
Shnilarly, C appears to fall to the right of D. 

This illusion apparently is due to the presence of 
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the angle and the effect is produced by the presence 
of right and acute angles to a less degree. The il- 
lusion decreases or increases in general as the angle 
decreases or increases respectively. 

Although it is not safe to present simple state- 
ments in a field so complex as that of visual illusion 
where explanations are still controversiali it is perhaps 
possible to generalize as Jastrow did in the foregoing 
case as follows: If the direction of an angle is that 
of the line bisecting it and pointing toward the apex, 
the direction of the sides of an angle will apparently 
be deviated toward the direction of the angle. The 
deviation apparently is greater with obtuse than with 
acute angles, and when obtuse and acute angles are 
so placed in a figure as to give rise to opposite devi- 
ations, the greater angle will be the dominant in- 
fluence. 

Although the illusion in such simple cases as 
Fig. 41 is slight, it is quite noticeable. The effect of 
the addition of many of these slight individual in- 
fluences is obvious in accompanjring figures of greater 
complexity. These individual effects can be so multi- 
plied and combined that many illusory figures may 
be devised. 

In Fig. 42 the oblique lines are added to both 
horizontal lines in such a manner that A is tilted 
downward at the angle and B is tilted upward at the 
angle (the letters corresponding to similar lines in 
Fig. 41). In this manner they appear to be deviated 
considerably out of their true straight line. U the 
reader will draw a straight line nearly parallel to D 
in Fig. 41 and to the right, he will find it helpfuL 
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This line should be drawn to appear to be a continu- 
ation of C when the page is held so Z) is approxi- 
mately horizontal. This is a simple and effective 
means of testing the magnitude of the illusion, for it 



Fig. 42. The effect of two angles in tilting the hocisontel linee. 

is measured by the degree of apparent deviation 
between D and the line drawn adjacent to it, which 
the eye will tolerate. Another method of obtaining 
such a measurement is to begin with only the angle 
and to draw the apparent continuation of one of its 

D 




B 



The effect of crossed lines upon their respectiye sppsrent 

directions. 

lines with a space intervening. This deviation from 
the true continuation may then be readily deter- 
mined. 

A more complex case is found in Fig. 43 where the 
effect of an obtuse angle ACD is to make the continu- 
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ation of AB apparently fall below FG and the effect 
of the acute angle is the reverse. However, the net 
result is that due to the preponderance of the effect 
of the larger angle over that of the smaller. The line 
EC adds nothing, for it merely introduces two angles 
which reinforce those above AB. The line BC may 
be omitted or covered without appreciably affecting 
the illusion. 

In Fig. 44 two obtuse angles are arranged so that 
their effects are additive, with the result that the 



Fig. 44. — Another step toward the ZOUner illttsion. 

horizontal lines apparently deviate maximally for such 
a simple case. Thus it is seen that the tendency of 
the sides of an angle to be apparently deviated toward 
the direction of the angle may result in an apparent 
divergence from parallelism as well as in making 
continuous lines appear discontinuous. The illusion 
in Fig. 44 may be strengthened by adding more lines 
parallel to the oblique lines. This is demonstrated 
in Fig. 38 and in other illustrations. lii this manner 
striking illusions are built up. 

If oblique lines are extended across vertical ones, 
as in Figs. 46 and 46, the illusion is seen to be very 
striking. In Fig. 46 the oblique line on the right if 
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extended would meet the upper end of the oblique 
line on the left; howeveii the apparent point of inter- 
section is somewhat lower than it is in reality. In 
Fig. 46 the oblique line on the left is in the same 
straight line with the lower oblique line on the right. 
The line drawn parallel to the latter furnishes an idea 
of the extent of the illusion. This is the well-known 
Poggendorff illusion. The upper oblique line on the 






Fig. 46. — The two diagonals Fig. 46. — PoggendorfPs illusion. Which 
would meet on the left yer- oblique line on the right is the prolong- 
tical line. ation of the oblique line on the left? 

right actually appears to be approximately the con- 
tinuation of the upper oblique line on the right The 
explanation of this illusion on the simple basis of 
underestimation or overestimation of angles is open 
to criticism. If Fig. 46 is held so that the intercepted 
line is horizontal or vertical, the illusion disappears 
or at least is greatly reduced. It is difficult to recon- 
cile this disappearance of the illusion for certain 
positions of the figure with the theory that the illusion 
is due to an incorrect appraisal of the angles. 
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According to Judd,' those portions of the parallels 
lying on the obtuse-angle side of the intercepted line 
will be overestimated when horizontal or vertical 
distances along the parallel lines are the subjects of 
attentioUi as they are in the usual positions of the 
Poggendorff figure. He holds furttier that the over- 
estimation of this distance along the parallels (the 
two vertical lines) and the underestimation of the 
oblique distance across the interval are sufficient to 
provide a full explanation of the illusion. The dis- 
appearance and appearance of the illusion, as the 
position of the figure is varied appears to demonstrate 
the> fact that lines produce illusions only when they 
have a direct influence on the direction in which the 
attention is turned. That is, when this Poggendorff 
figure is in such a position that the intercepted line 
is horizontali the incorrect estimation of distance along 
the parallels has no direct bearing on the distance to 
which the attention is directed. In this case Judd 
holds that the entire influence of the parallels is ab- 
sorbed in aiding the intercepted line in canying the 




Fig. 47. — A staiglht liiia appears to sag. 



eye across the interval. For a detailed account tiie 
reader is referred to tiie original paper. 

Some other illusions are now presented to demon- 
strate further the effect of the presence of angles. 
Doubtless, in some of these, other causes contribute 
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more or less to the total result. In Fig. 47 a series of 
concentric arcs of circles end in a straight line. The 
result is that the straight line appears to sag per- 
ceptibly. Incidentally, it may be interesting for the 
reader to ascertain whether or not there is any doubt 
in his mind as to the arcs appearing to belong to 




Fig. 48. — Distortioiis of contour due to contact with other contours. 

circles. To the author the arcs appear distorted from 
those of true circles. 

In Fig. 48 the bounding figure is a true circle but 
it appears to be distorted or dented inward where the 
angles of the hexagon meet it. Similarly, the sides 
of the hexagon appear to sag inward where the comers 
of the rectangle meet them. 

The influences which have been emphasized ap- 
parently are responsible for the illusions in Figs. 49, 
60 and 61. It is interesting to note the disappearance 
of the illusion, as the plane of Fig. 49 is varied from 



88 VISUAL ILLUSIONS 

vertical toward the horizontal. That is, it is very 
apparent when viewed perpendicularly to the plane of 
the page, the latter being held vertically, but as the 
page is tilted backward the illusion decreases and 
finally disappears. 

The illu^ons in Figs. 60 and 61 are commonly 
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Fig. 19. — An illusion o( direction. 



termed " twisted cord " effects. A cord may be made 
by twisting two strands which are white and black 
(or any dark color) respectively. This may be super- 
posed upon variotis backgrounds with striking results. 
In Fig. 60 the strait " cords " appear bent in the 
middle, owing to a reversal of the " twist." Such a 
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figure may be easily made by using cord and a 
checkered doth. In Fig. 61 it is difficult to convince 



Fig. 80. — " Twisted-cord " UlnsioD. These tre straight cords. 

the intellect that the " cords " are -eof* arranged in 
the form of concentric circles, but this becomes evi- 
dent when one of them is traced out. The influence 



Fig. U. — " Twisted-coid " nhulon. These we coaeeiitric cbdes. 
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of the illttsion is so powerful tb&t it is even difficult 
to follow one of the circles with the point of a pencil 
around its entire circumference. The c<n-d appears 
to fonn a spiral or a helix seen in perspective. 

A striking illusion is obtained by revolving the 
^iral shown in Fig, 62 about its center. This may be 
considered as an efiFect of an^es because the curva- 



Flc- 8S. — A i^nl irtwa routed appears to azpand or contract, dependlnK 
npon direction of rotatkm. 

ture and consequently the angle of the spiral is con- 
tinually changing. There is a peculiar mov^nent or 
progression toward the center when revolved in one 
direction. When the direction of rotation is reversed 
the movement is toward the exterior of the figure; 
that is, there is a seeming expansion. 

Angles appear to modify our judgments of the 
length of lines as well as of their direction. Of course, 
it must be admitted that some of these illusions might 
be classified imder those of " contrast " and others. 
In fact, it has been stated that classification is difficult 
but it appears logical to discuss the effect of angles 
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in this chapter apart from the divisions presented in 
the preceding chapters. This decision was reached 
because the effect of angles could be seen in many 
of the illusions which would more logically be grouped 
under the classification presented in the preceding 
chapters. 

In Fig. 63 the three horizontal lines are of equal 
length but they appear unequal. This must be due 
to the size of the angles made by the lines 




FigM. — Angles «if oct the apptroit length of Unee. 

at the ends. Within certain limitSi the greater the 
angle the greater is the apparent elongation of the 
central horizontal portion. This generalization ap- 
pears to apply even when the angle is less than a right 
angle, although there appears to be less strength to 
the illusions with these smaller angles than with 
the larger angles. Other factors which contribute to 
the extent of the illusion are the positions of the 
figures, the distance between them, and the juxta- 
position of certain lines. The illusion still exists if 
the horizontal lines are removed and also if the figures 
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are cut out of paper after joining the lower ends of 
the short lines in each case. 

In Fig. 64 the horizontal straight line appears to 
consist of two lines tilting slightly upward toward 
the center. This will be seen to be in agreement with 
the general proposition that the sides of an angle are 
in the direction of the angle. In this case 




Fig. 64. — The horizoatal line appears to tilt downward toward the ends. 

it should be. noted that one of the obtuse angles to 
be considered is ABC and that the effect of this is 
to tilt the line BD downward from the center. In 
Fig. 55 the horizontal line appears to tilt upward 
toward its extremities or to sag in the middle. The 
explanation in order to harmonize with the foregoing 
must be based upon the assumption that our judg- 
ments may be influenced by things not present but 




Fig. 66. — The horizontal line appears to sag in the middle. 

imagined. In this case only one side of each obtuse 
angle is present, the other side being formed by con- 
tinuing the horizontal line both ways by means of 
the imagination. That we do this unconsciously is 
attested to by many experiences. For example, we 
often find ourselves imagining a horizontal, a vertical, 
or a center upon which to base a pending judgment. 
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A discussion of the influence of angles must in- 
clude a reference to the well-known Miiller-Lyer 
illusion presented in Fig. 66. It is obvious in a that 
the horizontal part on the left appears considerably 
longer than that part in the right half of the diagram. 
The influence of angles in this illusion can be easily 
tested by varying the direction of the lines at the 
ends of the two portions. 






a 







b 

Fig. 66. ~ The MflUer-Lyer illission. 

In all these figures the influence of angles is 
obvious. This does not mean that they are always 
solely or even primarily responsible for the illusion. 
In fact, the illusion of Poggendorff (Fig. 46) may be 
due to the incorrect estimation of certain linear 
distances, but the angles make this erroneous judg- 
ment possible, or at least contribute toward it. Many 
discussions of the theories or explanations of these 
figures are available in scientific literature of which 
one by Judd ^ may be taken as representative. He 
holds that the false estimation of angles in the Poggen- 
dorff figure is merely a secondary effect, not always 



*l 



94 VISUAL ILLUSIONS 

presenti and in no case the source of the illusion; 
furthermore, that the illusion may be explained as 
due to the incorrect linear distances, and may be 
reduced to the type of illusion found in the MtiUer- 
Lyer figure. Certainly there are grave dangers in 
explaining an illusion on the basis of an apparently 
simple operation. 

In Fig. 66, b is made up of the two parts of the 
MtiUer-Lyer illusion. A small dot may be placed 
equally distant from the inside extremities of the hori- 
zontal lines. It is interesting to note that overesti- 
mation of distance within the figure is accompanied 
with underestimation outside the figure and, con- 
versely, overestimation within the figure is accom- 
panied by underestimation in the neighboring space. 
If the small dot is objected to as providing an ad- 
ditional Miiller-Lyer figure of the empty space, this 
dot may be omitted. As a substitute an observer 
may try to locate a point midway between the inside 
extremities of the horizontal lines. The error in locat- 
ing this point will show that the illusion is present 
in this empty space. 

In this connection it is interesting to note some 
other illusions. In Fig. 57 the influence of several 
factors are evident. Two obviously important ones 
are (1) the angles made by the short lines at the 
extremities of the exterior lines parallel to the sides 
of the large triangle, and (2) the influence of contrast 
of the pairs of adjacent parallel lines. The effect 
shown in Fig. 63 is seen to be augmented by the ad- 
dition of contrast of adjacent lines of unequal length. 

An interesting variation of the effect of the presence 
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of angles is seen in Fig. 68. The two lines forming 
angles with the horizontal are of equal length but due 
to their relative positions, they do not appear so. It 
would be quite misleading to say that this illusion is 



z 



\ 




Fig. 67. — Combined influence of angles and contrasting lengths. 

merely due to angles. Obviously, it is due to the 
presence of the two oblique lines. It is of interest 
to turn to Figs. 25, 26 and various illusions of per- 
spective. 




Fig. 68. — Two equal oblique lines appear unequal 
because of their different positions. 



At this point a digression appears to be necessary 
and, therefore. Fig. 59 is introduced. Here the areas 
of the two figures are equal. The judgment of area is 
likely to be influenced by juxtaposed lines and there- 
fore, as in this case, the lower appears larger than the 
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upper one. Similarly two trapezoids of equal di- 
mensions and areas may be constructed. If each is 
constructed so that it rests upon its longer parallel 
and one figure is above the other and only slightly 
separated, the mind is tempted to be influenced by 





Fig. 69. — An iUuslon of area. 

comparing the juxtaposed base of the upper with 
the top of the lower trapezoid. The former dimension 
being greater than the latter, the lower figure appears 
smaller than the upper one. Angles must necessarily 
play a part in these illusions, although it is admitted 
that other factors may be prominent or even dominant. 
This appears to be a convenient place to insert 
an illusion of area based, doubtless, upon form, but 
angles must play a part in the illusions ; at least they 
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are responsible for the form. In Fig. 60 the five 
figures are constructed so as to be approximately 
equal in area. However, they appear unequal in this 
respect. In comparing areas, we cannot escape the 
influence of the length and directions of lines which 
bound these areas, and also, the effect of contrasts 
in lengths and directions. Angles play a part in all 
these, although very indirectly in some cases. 






Fig. 60. — Five equal areas sbowing tlie influence of angles and contrasting 

lengths. 



To some extent the foregoing is a digression from 
the main intent of this chapter, but it appears worth 
while to introduce these indirect effects of the presence 
of angles (real or imaginary) in order to emphasize 
the complexity of influences and their subtleness. 
Direction is in the last analysis an effect of angle; 
that is, the direction of a line is measured by the 
angle it makes with some reference line, the latter 
being real or imaginary. In Fig. 61, the effect of 
diverting or directing attention by some subtie force, 
such as suggestion, is demonstrated. This " force '* 
appears to contract or expand an area. The circle 
on the left appears smaller than the other. Of course 
there is the effect of empty space compared with 
partially filled space, but this cannot be avoided in 
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this case. Howeveii it can be shown that the sug- 
gestions produced by the arrows tend to produce 
apparent reduction or expansion of areas. Note the 
use of arrows in advertisements. 

Although theory is subordinated to facts in this 
book, a glimpse here and there should be interesting 
and helpful. After having been introduced to various, 
types and influenceSi perhaps the reader may better 





Fig. 61. — Showing the effect of directkig the attention. 

grasp the trend of tiieories. The perspective theory 
assumes, and correctly so, that simple diagrams often 
suggest objects in three dimensions, and that the 
introduction of an imaginary third dimension effects 
changes in the appearance of lines and angles. That 
is, lengths and directions of lines are apparently 
altered by the influence of lines and angles, which 
do not actually exist. That this is true may be proved 
in various cases. In fact the reader has doubtless 
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been convinced of this in connection with some of 
the illusions ahready discussed. Vertical lines often 
represent lines extending away from the observer, 
who sees them foreshortened and therefore they 
may seem longer than horizontal lines of equal length, 
which are not subject to foreshortening. This could 
explain such illusions as seen in Figs. 4 and 5. How- 
ever this theory is not as easily applied to many il- 
lusions. 

According to Thiery's perspective theory a line 
that appears nearer is seen as smaller and a line 
that seems to be further away is perceived as longer. 
K the left portion of b. Fig. 66, be reproduced with 
longer oblique lines at the ends but with the same 
length of horizontal lines, it will appear closer and 
the horizontal lines will be judged as shorter. The 
reader will find it interesting to draw a number of 
these portions of the Miiller-Lyer figure with the 
horizontal line in each case of the same length but 
with longer and longer obliques at the ends. 

The dynamic theory of Lipps gives an important 
role to the inner activity of the observer, which is not 
necessarily separated from the objects viewed, but 
may be felt as being in the objects. That is, in view- 
ing a figure the observer unconsciously separates it 
from surrounding space and therefore creates some- 
thing definite in the latter, as a limiting activity. 
These two things, one real (the object) and one im- 
aginary, are balanced against each other. A vertical 
line may suggest a necessary resistance against 
gravitational force, with the result that the line ap- 
pears longer than a horizontal one resting in peac^.:. 
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The difficulty with this theory is that it allows too 
much opportunity for purely philosophical explanations, 
which are likely to run to the fanciful. It has the 
doubtful advantage of being able to explain illusions 
equally well if they are actually reversed from what 
they are. For example, gravity could either contract 
or elongate the vertical line, depending upon the 
choice of viewpoint. 

The confusion theory depends upon attention and 
begins with the difficulty of isolating from illusory 
figures the portions to be judged. Amid the com- 
plexity of the figure the attention cannot easily be 
fixed on the portions to be judged. This results in 
confusion. For example, if areas of different shapes 
such as those in Fig. 60 are to be compared, it is 
difficult to become oblivious of form or of compact- 
ness. In trjhig to see the two chief parallel lines in 
Fig. 38, in their true parallelism the attention is being 
subjected to diversion, by the short oblique parallels 
a compromising result. Surely this theory 
some illusions successfully, but it is not so 
successful with some of the illusions of contrast. 
The fact that practice in making judgments in such 
cases as Figs. 46 and 56 reduces the illusion even to 
ultimate disappearance, argues in favor of the con- 
fusion theory. Perhaps the observer devotes himself 
more or less consciously to isolating the particular 
feature to be judged and finally attains the ability to 
do so. According to Auerbach^s indirect-vision theory 
the eyes in judging the two halves of the horizontal 
line in a, Fig. 56, involuntarily draw imaginary lines 
parallel to this line but above or below it. Obviously 
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the two parts of such lines are unequal in the same 
manner as the horizontal line in the Miiller-Lyer 
figure appears divided into two unequal parts. 

Somewhat analogous to this in some cases is 
Brunot's mean-distance theory. According to this we 
establish ^^ centers of gravity'^ in figures and these 
influence our judgments. 

These are glimpses of certain trends of theories. 
None is a complete success or failure. Each explains 
some illusions satisfactorily! but not necessarily ex- 
clusively. For the present^ we will be content with 
these glimpses of the purely theoretical aspects of 
visual illusions. 



vn 

ILLUSIONS OF DEPTH AND OF DISTANCE 

BESIDES the so-called geometrical iUusions dis- 
cussed in the preceding chapters, there is an 
interesting group in which the perception of 
the third dhnension is in error. When any of the 
orduiary criteria of reUef or of distance are apparently 
modified, illusions of this kind are possible. There 
are many iUusions of this sort, such as the looming of 
objects in a fog; the apparent enlargement of the 
sun and moon near the horizon; the flattening of 
the "vault" of the sky; the intaglio seen as relief; 
the alteration of reUef with lighting; and various 
changes in the landscape when regarded with the 
head inverted. 

Although some of the criteria for the perception 
of depth or of distance have already been pointed 
out, especially in Chapter m, these will be mentioned 
again. Distance or depth is indicated by the dis- 
tribution of light and shade, and an unusual object 
like an inti^o is likely to be mistaken for relief 
' which is more common. An analysis of the lighting 
will usually reveal die real form of the object (See 
Figs. 70, 71, 72, 73, 76 and 77.) In this connection 
it is interesting to compare photographic negatives 
with their corresponding positive prints. 

Distance is often estunated by the definition 
and color of objects seen through great depths of 

108 
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air (aerial perspective). These distant objects are 
^^ blurred" by the irregular refraction of the light- 
rays through non-homogeneous atmosphere. They are 
obscured to some degree by the veil of brightness due 
to the illuminated dust, smoke, etc., in the atmosphere. 
They are also tinted (apparently) by the superposition 
of a tinted atmosphere. Thus we have ^^dim 
distance/' ^^blue peaks," ^^ azure depths of sky," 
etc., represented in photographs, paintings, and writ- 
ings. Incidentally, the sky above is blue for the 
same general reasons that the atmosphere, interven- 
ing between the observer and a distant horizon, is 
bluish. The ludicrous errors made in estimating 
distances in such regions as the Rockies is usually 
accounted for by the rare clearness and homogeneity 
of the atmosphere. However, is the latter a full 
explanation? To some extent we judge unknown size 
by estimated distance, and unknown distance by 
estimated size. When a person is viewing a great 
mountain peak for the first time, is he not likely to 
assume it to be comparable in size to the hills with 
which he has been familiar? Even by allowing con- 
siderable, is he not likely to greatly underestimate 
the size of the mountain and, as a direct consequence, 
to underestimate tiie distance proportionately? This 
incorrect judgment would naturally be facilitated by 
the absence of " dimness " and " blueness " due to 
the atmospheric haze. 

Angular perspective, which apparently varies the 
forms of angles and produces the divergence of lines, 
contributes much information in regard to relative 
and absolute distances from the eye of the various 
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objects or the parts of an object. For example, a 
rectangle may appear as a rhomboid. It is obvious 
that certain data pertaining to the objects viewed 
must be assumed, and if the assumptions are incorrect, 
illusions will result These judgments also involve, 
as most judgments do, other data external to the 
objects viewed. Perhaps these incorrect judgments 
are delusions rather than illusions, because visual 
perception has been deluded by misinformation sup- 
plied by the intellect. 

Size or linear perspective is a factor in the per- 
ception of depth or of distance. As has been stated, 
if we know the size experience determines the distance ; 
and conversely, if we know the distance we may 
estimate the size. Obviously estimates are involved 
and these when incorrect lead to false perception or 
interpretation. 

As an object approaches, the axes of the eyes 
converge more and more and the eye-lens must be 
thickened more and more to keep the object in focus. 
As stated in Chapter m, we have learned to interpret 
these accompanying sensations of muscular adjust- 
ment. This may be demonstrated by holding an ob- 
ject at an arm's length and then bringing it rapidly 
toward the eyes, keeping it in focus aU the time. The 
sensations of convergence and accommodation are 
quite intense. 

The two eyes look at a scene from two different 
points of view respectively and their images do not 
perfectly agree, as has been shown in Figs. 2 and 3. 
This binocular disparity is responsible to some degree 
for the perception of depth, as the stereoscope has 
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demonstrated. If two spheres of the same size are 
suspended on invisible strings, one at six feet, the 
other at seven feet away, one eye sees the two balls 
in the same plane, but one appears larger than the 
other. With binocular vision the baUs appear at 
different distances, but judgment appraises them as 
of approximately equal size. At that distance the 
focal adjustment is not much different for both balls, 
so that the muscular movement, due to focusing the 
eye, plays a small part in the estimation of the rela- 
tive distance. Binocular disparity and convergence 
are the primary factors. 

Some have held that the perception of depth, 
that is, of a relative distance, arises from the process 
of unconsciously running the point of sight back and 
forth. However, this view, unmodified, appears un- 
tenable when it is considered that a scene illuminated 
by a lightning flash (of the order of magnitude of a 
thousandth of a second) is seen even in this brief 
moment to have depth. Objects are seen in relief, 
in actual relation as to distance and in normal per- 
spective, even under the extremely brief illumination 
of an electric spark (of the order of magnitude of one 
twenty-thousandth of a second). This can also be 
demonstrated by viewing stereoscopic pictures with a 
stereoscope, the illumination being furnished by an 
electric spark. Under these circumstances relief and 
perspective are quite satisfactory. Surely in these 
brief intervals the point of sight cannot do much 
surveying of a scene. 

Parallax aids in the perception of depth or 
distance. If the head be moved laterally the view or 
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scene changes slightly. Objects or portions of ob- 
jects previously hidden by others may now become 
visible. Objects at various distances appear to move 
nearer or further apart We have come to interpret 
these apparent m<}vements of objects in a scene in 
terms of relative distances; that is, the relative 
amount of parallactic displacement is a measure of 
the relative distances of the objects. 

The relative distances or depth locations of dififer- 
ent parts of an object can be perceived as fluctuating 
or even reversing. This is due to fluctuations in 
attention, and illusions of reversible perspective are of 
this class. It is quite impossible for one to fix his 
attention in perfect continuity upon any object. There 
are many involuntary eye-movements which cannot 
be overcome and under normal conditions certain 
details are likely to occupy the focus of attention 
alternately or successively. ||This applies equally well 
to the auditory sense and perhaps to the other senses. 
Emotional coloring has much to do with the fixation 
of attention; that which we admire, desire, love, 
hate, etc., is likely to dwell more in the focus of at- 
tention than that which stirs our emotions less. 

A slight suggestion of forward and backward 
movements can be produced by successively inter- 
cepting the vision of one eye by an opaque card or 
other convenient object. It has been suggested that 
the illusion is due to the consequent variations in the 
tension of convergence. Third dimensional move- 
ments may be produced for binocular or monocular 
vision during eye-closure. They are also produced by 
opening the eyes as widely as possible, by pressure on 
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the eye-balls, and by stressing the eyelids. However, 
these are not important and are merely mentioned in 

passing. 

An increase in the brightness of an object is ac- 
companied by an apparent movement toward the ob- 
server, and conversely a decrease in brightness 
produces an apparent movement in the opposite di- 
rection. These effects may be witnessed upon view- 
ing the glowing end of a cigar which is being smoked 
by some one a few yards away in the darkness. 
Rapidly moving thin clouds may produce such an 
effect by varying the brightness of the moon. Some 
peculiar impressions of this nature may be felt while 
watching the flashing light of some light-houses or of 

other signaling stations. It has been suggested that 

• 

we naturally appraise brighter objects as nearer than 
objects less bright. However, is it not interesting to 
attribute the apparent movement to irradiation? (See 
Chapter Vm.) A bright object appears larger than a 
dark object of the same size and at the same distance. 
When the same object varies in brightness it remains 
in consciousness the same object and therefore of 
constant size; however, the apparent increase in size 
as it becomes brighter must be accounted for in some 
manner and there is only one way open. It must be 
attributed a lesser distance than formerly and there- 
fore the sudden increase in brightness mediates a 
consciousness of a movement forward, that is, toward 
the observer. 

If two similar objects, such as the points of a 
compass, are viewed binocularly and their lateral 
distance apart is altered, the observer is conscious of 
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a third dimensional movement. Inasmuch as the 
accommodation is unaltered but convergence must 
be varied as the lateral distance between the two, 
the explanation of the illusion must consider the 
latter. The pair of compass-points are very con- 
venient for making a demonstration of this pronounced 
illusion. The relation of size and distance easily 
accounts for the illusion. 

Obviously this type of illusion cannot be illustrated 
effectively by means of diagrams, so the reader must 
be content to watch for them himself. Some persons 
are able voluntarily to produce illtisory movements in 
the third dimension, but such persons are rare. Many 
persons have experienced involuntary illtisions of 
depth. Carr found, in a series of classes comprising 
360 students, 68 persons who had experienced in- 
voluntary depth illusions at some time in their lives. 
Five of these also possessed complete voluntary 
control over the phenomenon. The circumstances 
attending visual illusions of depth are not the same 
for various cases, and the illusions vary widely in 
their features. 

Like other phases of the subject, this has been 
treated in many papers, but of these only one will be 
specifically mentioned, for it will sufBice. Carr ' has 
studied this type of illtision comparatively recently 
and apparently quite generally, and his work will be 
drawn upon for examples of this type. Apparently 
they may be divided into four classes: (1) Those of 
pure distance; that is, an object may appear to be 
located at varying distances from the observer, but no 
movement is perceived. For example, a person 
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might be seen first at the true distance; he might 
be seen next very close in front of the eyes; then 
he might suddenly appear to be quite remote; (2) il- 
lusions of pure motion; that is, objects are perceived 
as moving in a certain direction without any apparent 
change in location. In other words, they appear to 
move, but they do not appear to traverse space; (3) il- 
lusions of movement which include a change in lo- 
cation. This appears to be the most common illusion 
of depth; (4) those including a combination of the 
first and third classes. For example, the object 
might first appear to move away from its true location 
and is perceived at some remote place. Shortly it may 
appear in its true original position, but this change 
in location does not involve any sense of motion. 

These peculiar illtisions of depth are not as gener- 
ally experienced as those described in preceding 
chapters. A geometrical illusion, especially if it is 
pronounced, is likely to be perceived quite univer- 
sally, but these illusions of depth are either more diffi- 
cult to notice or more dependent upon psychological 
peculiarities far from universal among people. It is 
interesting to note the percentages computed from 
Carr's statistics obtained upon interrogating 360 stu- 
dents. Of these, 17 per cent had experienced depth- 
illusions and between one and two per cent had volun- 
tary control of the phenomenon. Of the 48 who had 
experienced illusions of this type and were able to 
submit detailed descriptions, 26 per cent belonged to 
class (1) of those described in the preceding para- 
graph; 4 per cent to class (2); 62 per cent to class 
(3); and 17 per cent to class (4). 
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Usually the illusion involves all objects in the 
visual field but with some subjects the field is con- 
tracted or the objects in the periphery of the field 
are unaffected. For most persons these illtisions in- 
volve normal perceptual objects, although it appears 
that they are phases of hallucinatory origin. 

Inasmuch as these illusions cannot be illustrated 
diagrammatically we can do no better than to condense 
some of the descriptions obtained and reported by 

Carr.* 

A case in which the peripheral objects remain 
visible and stationary at their true positions while the 
central portion of the field participates in the illusion 
is as follows: 

The observer on a clear day was gazing down a street which 
ended a block away, a row of houses forming the background 
at the end of the street. The observer was talking to and look- 
ing directly at a companion only a short distance away. Soon 
this person (apparently) began to move down the street, until 
she reached the bacl^ound of houses at the end, and then 
slowly came back to her original position. The movement in 
both directions was distinctly perceived. During the illusory 
movement there was no vagueness of outline or contour, no 
blurring or confusion of features; the person observed, seemed 
distinct and substantial in character during the illusion. The 
perceived object moved in relation to surrounding objects ; there 
was no movement of the visual field as a whole. The person 
decreased in size during the backward movement and increased 
in size during the forward return movement. 

With many persons who experience illusions of 
depth, the objects appear to move to, or appear at, 
some definite position and remain there until the il- 
lusion is voluntarily overcome, or until it disappears 
without voluntary action. A condensation of a typical 



ILLUSIONS OF DEPTH AND OF DISTANCE 111 

description of this general type presented by Carr is 
as follows: 

AU visual objects suddenly recede to fiie apparent distance 
of the horizon and remain in that position several minutesi re- 
turning at the end of this period to their original positions. This 
return movement is very slow at the beginning, but the latter 
phase of the movement is quite rapid. If the subject closes 
her eyes while the objects appear at their distant position she 
cannot even imagine those objects located anywhere except at 
their apparent distant position. 

In all cases (encountered by Carr) the motion in both di- 
rections is an actual experience reality and fiie subject was 
helpless as to initiating, stopping, or modifying the course of the 
illusion in any way* Objects and even visual images (which 
are subject to the same illusions) decrease in size in proportion 
to the amount of backward movement and grow larger again on 
their return movement. The objects are bIwbjs clearly defined 
as if in good focus. In this particular case the illusion occurred 
about twice a year, under a variety of conditions of illumination, 
at various times of the day, but apparently under conditions of 
a rather pronounced fatigue. 

In regard to the variation in the size of objects, 
many who have experienced these illusions of depth 
testify that the size seems to change in proportion to 
the apparent distance, according to the law of per- 
spective. Some persons appear in doubt as to 
change and a few have experienced the 
anomaly of decreasing size as the objects apparentiy 
approached. 

Many persons who have experienced these pe- 
culiar illusions report no change in the distinctness of 
objects ; almost as many are uncertain regarding this 
point; and as many report a change in distinctness. 
Apparently there are phases of hallucinatory origin 
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SO that there is a wide variety of experiences among 
those subject to this type of illusion/ 

According to Carr's investigation internal con- 
ditions alone are responsible for the illtision with 
more persons than those due to external conditions 
alone. With some persons a combination of internal 
and external conditions seem to be a necessity. Fix- 
ation of vision appears to be an essential objective 
condition for many observers. That is, the illusion 
appeared while fixating a speaker or singer in a church 
or a theater. With others the illusion occurs while 
reading. Some reported that fixation upon checkered 
or other regularly patterned objects was an essential 
condition. Among the subjective conditions reported 
as essential are steady fixation, concentration of at- 
tention, complete mental absorption, dreamy mental 
abstraction, and fatigue. 

Ocular defects do not appear to be essential, for 
the illusions have been experienced by many whose 
eyes were known to be free from any abnormalities. 

Period of life does not appear to have any primary 
influence, for those who are subject to these peculiar 
illusions often have experienced them throughout 
many years. In some cases it is evident that the 
illusions occur during a constrained eye position, 
while lying down, inmiediately upon arising from 
bed in the morning, and upon opening the eyes after 
having had them closed for some time. However, 
the necessity for these conditions are exceptional. 

The control of these illusions of depth, that is, 
the ability to create or to destroy them, appears to 
be totally lacking for most of those who have ex- 
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perienced them. Some can influence them, a few 
can destroy them, a few can indirectly initiate them, 
but those who can both create and destroy them ap- 
pear to be rare. 

It may seem to the reader that the latter part of 
this chapter departs from the main trend of this book, 
for most of these illusions of depth are to a degree 
of hallucinatory origin. Furthermore it has been the 
intention to discuss only those types of illusions 
which are experienced quite uniformly and univer- 
sally. The digression of this chapter is excused on 
the basis of affording a glimpse along the borderland 
of those groups of illusions which are nearly uni- 
versally experienced. Many other phases of depth 
illusions have been recorded in scientific literature. 
The excellent records presented by Carr could be 
drawn upon for further glimpses, but it appears that 
no more space should be given to this exceptional 
type. The reader should be sufBiciently forewarned 
of this type and should be able to take it into account 
if peculiarities in other types appear to be explainable 
in this manner. However, in closing it is well to 
emphasize the fact that the hallucinatory aspect of 
depth illusions is practically absent in types of il- 
lusions to which attention is confined in other chapters. 



vm 

IRRADIATION AND BRIGHTNESS-CONTRAST 

MANY interesting and striking illusions owe 
their existence to contrasts in brightness. 
The visual phenomenon of irradiation does 
not strictiy belong to this group, but it is so closely 
related to it and so dependent upon brightness- 
contrast that it is included. A dark line or spot will 
appear darker in general as the brightness of its 
environment is increased; or conversely, a white spot 
surrounded by a dark environment will appear brighter 
as the latter is darkened. In other words, black and 
white, when juxtaposed, mutually reinforce each 
other. Black print on a white page appears much 
darker than it really is. This may be proved by 
punching a hole in a black velvet cloth and laying 
this hole over a '^ black '' portion of a large letter. 
The ink which appeared so black in the print, when 
the latter was surrounded by the white paper, now 
.appears only a dark gray. Incidentally a hole in a 
box lined with black velvet is much darker than a 
piece of the black velvet surrounding the hole. 

The effects of brightness-contrast are particularly 
striking when demonstrated by means of lighting, a 
simple apparatus being illustrated diagrammatically 
in Fig. 62. For example, if a hole H is cut in an opaque 
white blotting paper and a large piece of the white 
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blotting paper is placed at C, the eye when placed 
before the opening at the right will see the opening 
at H filled with the background C. The hole H may 
be cut in thin metal, painted a dull white, and may 
be of the shape of a star. This shape provides an 
intimacy between the hole and its environment 
which tends to augment the effects of contrasts. R 
and F are respectively the rear and front lamps. 




Fig. 62. — Simple apparatus for demonstrating 

the remarkable effects of contrasts 

in brigihtness and color. 

That is, the lamps R illuminate C, which << fills " the 
hole and apparently is the hole; and the lamps F 
illuminate the diffusing white environment E. The 
two sets of lamps may be controlled by separate 
rheostats, but if the latter are unavailable the lamps 
(several in each set) may be arranged so that by 
turning each one off or on, a range of contrasts in 
brightness between E and H (in reality C) may be 
obtained. (By using colored lamps and colored papers 
as discussed in Chapter IX the marvelous effects of 
color-contrast may be superposed upon those of 
brightness-contrast.) 
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If, for example, C is very feebly illuminated and 
E is very bright, C will be pronounced black; but 
when the lamps F are extinguished and no light is 
permitted to reach £, the contrast is reversed, and 
C may actually appear '^ white." Of course, it is 
obvious that white and black are relative terms as 
encountered in such a case. In fact in brightness- 
contrasts relative and not absolute values of bright- 
ness are usually the more important. In order to 
minimize the stray light which emerges from fT, it is 
well to paint the inside of both compartments black 
with the exception of sufBiciently large areas of C and 
E. The tise of black velvet instead of black paint is 
sometimes advisable. It is also well to screen the 
lamps as suggested in the diagram. This simple 
apparatus will demonstrate some very striking effects 
of contrasts in brightness and will serve, also, to 
demonstrate even more interesting effects of contrasts 
in color. 

Two opposite contrasts obtainable by means of a 
simple apparatus illustrated in Fig. 62 may be shown 
simultaneously by means of white, black, and gray 
papers arranged as in Fig. 63. In this figure the gray 
is represented by the partially black 7s, each of which 
contains equal amounts of black and of white. When 
held at some distance this serves as a gray and the 
same effect is apparent as is described for the case of 
actually gray Vs. An excellent demonstration may 
be made by the reader by using two 7s, cut from the 
same sheet of gray paper, and pasted respectively upon 
white and black backgrounds, as in Fig. 63. It will 
be apparent that the one amid the black environment 
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appears much brighter than the one (same gray) 
amid the white environment. This can be demon- 
strated easily to an audience by means of a figure 
two feet long. It is interesting to carry the experiment 
further and place a K of much darker gray on the 
black background than the V on the white back- 
ground. The persistency of the illusion is found to 
be remarkable, for it will exist even when the one V 



Fig. 6S. — mostratiiis bri^itaesi-coittrMt 

is actuary a much darker gray tiian the other. To 
become convinced that the two grays are of flie same 
brightness in Fig. 63, it is only necessary to punch 
two holes in a white or gray card at such a distance 
apart that they will lie respectively over portions of 
the two Vs when the card is laid upon Fig. 63. The 
grays in the holes should now appear alike because 
their environments are similar. 

The importance of contrasts in brightness and in 
color cannot be overemphasized, and it appears certain 
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that no one can fully realize their effectiveness with- 
out witnessing it in a manner similar to that sug- 
gested in Fig. 62. 

Many illusions of brightness-contrast are visible 
on every hand. For example, the point at which the 




Fig. M. — An effect of brigfhtiiese-contrast. Note 

the darkening of the intersections 

of the white strips. 

• 

muUions of a window cross will be seen to appear 
brighter than the remaining portions of them when 
viewed against a bright sky. Conversely, in Fig; 64, 
dark spots appear where the white bars cross. This 
is purely an illusion and the same type may be wit- 
nessed by the observant many times a day. In Fig. 64 
it is of interest to note that the illusion is weak for 
the crossing upon which the point of sight rests, but 
by averted vision the illusion is prominent for the 
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Other cross]2igs. This is one of the effects which 
depends upon the location in the visual field. 

No brightness-contrasts are seen correctly and 
often the illusions are very striking. If a series of 
gray papers is arranged from black to white, with the 
successive pieces overlapped or otherwise juxtaposed, 
a series of steps of uniform brightness is not seen. 
An instrument would determine the brightness of 
each as uniform, but to the eye the series would app 
pear somewhat '^ fluted." That is, where a light gray 
joined a darker gray the edge of the former would 
appear lighter than its actual brightness, and the edge 
of the darker gray would appear darker than it should. 
This may also be demonstrated by flaying a dozen 
pieces of white tissue paper in a pile in such a manner 
that a series of 1, 2, 3, 4, etc., thickness would bet 
produced. On viewing this by transmitted light a 
series of grays is seen, and the effect of contrast is 
quite apparent Such a pattern can be made photo- 
graphically by rotating before a photographic plate a 
disk with openings arranged properly in steps. 

Many demonstrations of the chief illusion of ^ 
brightness-contrast are visible at night under glarixiiE 
lighting conditions. It is diflSicult or impossible to see * 
objects beyond automobile headlights, and adjacent 
to them, in the visual field. Objects similarly located 
in respect to any surface sufficiently bright are more 
or less obscured. Characters written upon a black- 
board, placed between two windows, may be invisible 
if the surfaces seen tiirough the window are quite 
bright, unless a sufficient quantity of light reaches the 
blackboard from other sources. Stage-settings have 
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been changed in perfect obscurity before an audience 
by turning on a row of bright lights at the edge of 
the stage-opening. The term ^' blinding light " owes 
its origin to this effect of brightness-contrast. 

The line of juncture between a bright and a dark 
surface may not be seen as a sharp line, but as a 
narrow band of gray. When this is true it is possible 
that an undue amount of area is credited to the white. 
In preceding paragraphs we have seen the peculiar 
effect at the border-lines of a series of grays. This 
may have something to do with the estimate; how- 
ever, irradiation may be due to excitation of retinal 
rods and cones adjacent to, but not actually within 
the bright image. 

A remarkable effect which may be partially attrib- 
utable to irradiation can be produced by crossing a 
grating of parallel black. lines with an oblique black 
line. At the actual crossings the black appears to run 
up the narrow angle somewhat like ink would under 
the influence of surface tension. This is particularly 
striking when two gratings or even two ordinary fly- 
screens are superposed. The effect is visible when 
passing two picket-fences, one beyond the other. If 
a dark object is held so that a straight edge appears 
to cross a candle-flame or other light-source, at this 
portion the straight edge will appear to have a notch 
in it. 

Irradiation in general has been defined as the 
lateral diffusion of nervous stimuli beyond the actual 
stimulus. It is not confined to the visual sense but 
irradiation for this sense is a term applied to the 
apparent enlargement of bright surfaces at the ex- 
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pense of adjacent darker surfaces. The crescent of 
the new moon appears larger in radius than the faint 
outline of the darker portion which is feebly illumi- 
nated chiefly by light reflected from the earth's surface. 
A filament of a lamp appears to grow in size as the 
current Enough it is slowly increased from a zero 
value; that is, as it increases in brightness. In Fig. 66 



Fig. 65. — The phenomenon of bnidUition. 

the small hmer squares are of the same size but the 
white square appears larger than the black one. It 
seems that this apparent increase is made at the ex- 
pense of the adjacent dark area. This phenomenon 
or illusion is strongest when the brightness is most 
intense, and is said to be greatest when the accommo- 
dation is imperfect. A very intense light-source may 
appear many times larger than its actual physical 
size. 

Doubtless a number of factors may play a part in 
this phenomenon. It appears possible that there is a 
rapid spreading of tiie excitation over die retina ez- 
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tending quite beyond the border of the more intensely 
stimulated region, but this must be practically in- 
stantaneous in order to satisfy results of experiments. 
Eye-movements may play some part for, despite the 
most serious efforts to fixate the point of sight, a 
fringe will appear on the borders of images which is 
certainly due to involuntary eye-movements. 

Irradiation has also been ascribed to spherical 
aberration in the eye-lens and to diffraction of light 
at the pupil. Printed type appears considerably re- 
duced in size when the pupil is dilated with atropin 
and is restored to normal appearance when a small 
artificial pupil is placed before the dilated pupil. It 
has been suggested that chromatic aberration in the 
eye-lens is a contributory cause, but this cannot be 
very important, for the illusion is visible with mono- 
chromatic light which eliminates chromatic aberration. 
The experimental evidence appears to indicate that 
the phenomenon is of a physical nature. 

There are variations in the effects attributable to 
radiation, and it is difiSicult to reduce them to simple 
terms. Perhaps it may aid the reader [to have before 
him the classification presented by Boswell.^ He 
describes the varieties of irradiation as follows: 



1. Very rapid spreading of the excitation over the retina 
extending far beyond the border of the stimulated region and 
occurring inunediately upon impact of the stimulating lie^t 

2. Irradiation wiHun the stimulated portion of the retina 
after the form of a figure becomes distinctly perceptible. 

3. Emanations of decreasing intensity extend themselves 
outward and backward from a moving image until lost in the 
darkness of the background. 

4. A well known form of irradiation which occurs idien a 
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surface of greater intensity enlarges itself at the expense of 
one of less intensity. 

5. A form having many of the characteristics of the first 
typoi but occurring only after long periods of stimulationi of the 
magnitude of 30 to 60 seconds or more. 



IX 
COLOR 

IN order to simplify the presentation of the general 
subject, discussions of color have been omitted in 

so far as possible from the preceding chapters. 
There are almost numberless phenomena involving 
color, many of which are illusions, or seemingly so. 
It will be obvious that many are errors of sense; 
some are errors of judgment; others are errors due 
to defects of the optical system of the eye ; and many 
may be ascribed to certain characteristics of the visual 
process. It is not the intention to cover the entire 
field in detail; indeed, this could not be done within 
the confines of a large volume. However, substantial 
glimpses of the more important phases of color as 
related to illusions are presented in this chapter. In 
the early chapters pertaining to the eye and to vision 
some of the following points were necessarily touched 
upon, but the repetition in the paragraphs which 
follow is avoided as much as possible. 

Simultaneous Contrast — That the life of color is 
due to contrast is demonstrable in many ways. If a 
room is illuminated by deep red light, at first this 
color is very vivid in consciousness ; however, gradu- 
ally it becomes less saturated. After a half hour the 
color is apparently a much faded red but upon emerg- 
ing from the room into one normally lighted, the 
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latter appears very markedly greenish in tint. The 
reason that the pure red light does not appear as 
strongly colored as it really is, is due to the lack of 
contrast. In a similar manner at night we see white 
objects as white even under the yellowish artificial 
light. The latter appears very yellow in color when 
it is first turned on as daylight wanes but as darkness 
falls and time elapses it gradually assumes a colorless 
appearance. 

An apparatus constructed after the plan of Fig. 62 
is very effective for demonstrating the remarkable 
effects of color-contrast but some additions will add 
considerably to its convenience. If the lamps F are 
divided into three circuits, each emitting, respectively, 
red, green, and blue primary colors, it is possible by 
means of controlling rheostats to illuminate £, the 
environment, with light of any hue (including purple), 
of any saturation, and of a wide range of intensities 
or resulting brightnesses. Thus we have a very 
simple apparatus for quickly providing almost number- 
less environments for H. The same scheme can be 
applied to lamps i?, with the result that a vast array 
of colors may be seen through the hole H. If the 
hole is the shape of the star in Fig. 66 it will be found 
very effective. The observer will actually see a star 
of any desired color amid an environment of any 
desired color. Care should be taken to have the 
star cut in very thin material in order to eliminate 
conspicuous botmdary lines. It is quite satisfactory 
to use a series of colored papers on a slide at C and 
ordinary clear lamps at R. By means of this apparatus 
both contrasts — hue and brightness — may be dem- 
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onstrated. Of coursei for black and white only bright- 
ness-contrast is present; but in general where there 
is color-contrast there is also brightness-contrast. 
The latter may be reduced or even eliminated if the 
brightness of the star and of its surroundings are 
made equal, but it is diflSicult to make a satisfactory 
balance in this respect. Assumingi however, that 
brightness-contrast is eliminated, we have left onlv 




Fig. 66. — An ezcellent pattern for demon- 
strating color-contrast 

hue and saturation contrast, or what will be termed 
(rather loosely, it is admitted) color-contrast. 

If the siuToundings are dark and, for example, an 
orange star is seen alone, it does not appear very 
colorful. However, if the sturoundings are now made 
bright with white light, the star appears quite satu- 
rated. With blue or green light the orange star ap- 
pears even more intensely orange, but when the color- 
contrast is reduced, as in the case of yellow or red 
surroundings, the vividness of the orange star again 
decreases. This may be summarized by stating that 
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two widely different colors viewed in this manner will 
mutually affect each other so that they appear still 
more different in hue. If their hues are close to- 
gether spectrally this effect is not as apparent. For 
example, if orange and green are contrasted, the 
orange will appear reddish in hue and the green will 
appear bluish. 

Let us now assume the star to be white, and that 
the surroundings are of any color of approximately 
the same brightness. The star which is really white 
will now appear decidedly tinted and of a hue ap- 
proximately complementary to that of the siuround- 
ings. When the latter are of a green color the 
star will assume a purplish tinge ; when red the 
star will appear of a blue-green tint; when yellow 
the white star will appear bluish. This is an illusion 
in any sense of the term. 

The strength of this illusion caused by simul- 
taneous contrast is very remarkable. For example, 
if a grayish purple star is viewed amid intense green 
surroundings it will appear richly purple, but when the 
surroundings are changed to a rich purple the gray- 
ish purple star will even appear greenish. The ap- 
parent change of a color to its complementary by 
merely altering its environment is really a remarkable 

illusion. 

The importance of simultaneous contrast is easily 
demonstrated upon a painting by isolating any colored 
object from its sturoundings by means of a hole in a 
gray card. For example, an orange flower-pot amid 
the green foliage of its surroundings will appear 
decidedly different in color and brightness than when 
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viewed through a hole in a white, black, or gray card- 
board. By means of colored papers the same color 
may be placed in many different environments and 
the various contrasts may be viewed simultaneously. 
The extent of the illusion is very evident when re- 
vealed in this simple manner. However, too much 
emphasis cannot be given to Figs. 62 and 66 as a 
powerful means for realizing the greatest effects. 

After-images. — After looking at bright objects we 
see after-images of the . same size and form which 
vary more or less in color. These after-images are 
due to persistence or fatigue of the visual process, 
depending upon conditions. After looking at the sun 
for a moment a very bright after-image is seen. Un- 
doubtedly this at first is due to a persistence of the 
visual process, but as it decays it continuously changes 
color and finally its presence is due to fatigue. 

After-images may be seen after looking intently 
at any object and then directing the eyes toward a 
blank surface such as a wall. A picture-frame will be 
seen as a rectangular after-image; a checkered 
pattern will be seen as a checkered after-image. 
When these after-images are projected upon other 
objects it is obvious that the appearance of the latter 
is apparently altered especially when the observer is 
not conscious of the after-image. The effects are 
seen in paintings and many peculiar phenomena in 
the various arts are directly traceable to after-imgaes. 

It appears unnecessary to detail the many effects 
for the explanations or at least the general principles 
of after-images are so simple that the reader should 
easily render an analsrsis of any given case. 
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Let lis assume that vision is fixed upon a green 
square upon a gray or white background. Despite 
the utmost effort on the part of the observer to gaze 
fixedly upon this green square, the latter will begin 
to appear fringed with a pinkish border. This is due 
to the after-image of the green square and it is dis- 
placed slightly due to involuntary eye-movements. 
After gazing as steadily as possible for a half 
minute, or even less, if the point of sight is turned 
to the white paper a pink square is seen upon it. 
Furthermore, this pink square moves over the field 
with the point of sight. This is the type most gen- 
erally noticed. 

After-images have been classified as positive and 
negative. The former are those in which the distri- 
bution of light and shade is the same as in the origi- 
nal object. Those in which this distribution is re- 
versed, as in the photographic negative, are termed 
^^ negative.'' After-images undergo a variety of 
changes in color but in general there are two im- 
portant states. In one the color is the same as in the 
original object and in the other it is approximately 
complementary to the original color. In general the 
negative after-image is approximately complementary 
in color to the color of the original object. 

After-images are best observed when the eyes are 
well rested, as in the morning upon awakening. With 
a little practice in giving attention to them, they can 
be seen floating in the air, in the indefinite field of the 
closed eyes, upon a wall, or elsewhere, and the changes 
in the brightness and color can be readily followed. 
Negative after-images are sometimes very persistent 
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and therefore are more commonly noticed than posi- 
tive ones. The positive after-image is due to retinal 
inertia, that is, to the persistency of the visual process 
after the actual stimulus has been removed. It is of 
relatively brief duration. If an after-image of a window 
is projected on a white area it is likely to appear as a 
^^ negative '' when projected upon a white background, 
and as a ^^ positive '' upon a dark background, such as is 
readily provided by closing the eyes. It may be of 
interest for the reader to obtain an after-image of a 
bright surface of a light-source and study its color 
changes with the eye closed. Upon repeating the 
experiment the progression of colors will be found 
to be always the same for the same conditions. 
The duration of the after-image will be found to 
vary with the brightness and period of fixation of [the 
object. 

It is interesting to note that an after-image is seen 
with diflSiculty when the eyes are in motion, but it 
becomes quite conspicuous when the eyes are brought 
to rest. 

An after-image due to the stimulation of only one 
eye sometimes seems to be seen by the other eye. 
Naturally this has given rise to the suggestion that 
the seat of after-images is central rather than pe- 
ripheral; that is, in the brain rather than at the^ ret- 
ina. However, this is not generally the case and the 
experimental evidence weighs heavily against this 
conclusion. 

If Fig. 62 is revolved about its center and fixated 
for some time striking effects are obtained upon look- 
ing away suddenly upon any object. The latter will 
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appear to shrink if the spiral has seemed to run 
outward) or to expand if the spiral has seemed 
to run inward. These are clearly after-images of 
motion* 

As stated elsewhere, we may have illusions of 
after-images as well as of the original images. For 
example, if a clearly defined plane geometrical figure 
such as a cross or square is bright enough to produce 
a strong after-image, the latter when projected upon 
a perspective drawing will appear distorted; that is, 
it is likely to appear in perspective. 

A simple way of demonstrating after-images and 
their duration is to move the object producing them. 
For example, extinguish a match and move the glow- 
ing end. If observed carefully without moving the 
eye a bluish after-image will be seen to follow the 
glowing end of the match. In this case the eyes should 
be directed straight ahead while the stimulus is moving 
and the observation must be made by averted or in- 
direct vision. 

Growth and Decay of Sensation. — Although many 
after-images may not be considered to be illusions 
in the sense in which the term is used here, there 
are many illusions in which they at least play a part. 
Furthermore, it is the intention tiiroughout these 
chapters to adhere to a discussion of '^ static'' il- 
lusions, it is difiSicult to avoid touching occasionally 
upon motion. The eyes are in motion most of the 
time, hence, certain efifects of an illusory nature may 
be superposed upon stationary objects. 

The persistence of vision has been demonstrated 
by every small boy as he waved a glowing stick seized 
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from a bonfire. Fireworks owe much of their beauty 
to this phenomenon. A rapidly revolving spoked 
wheel may appear to be a more or less transparent 
disk, but occasionally when a rapid eye-movement 
moves the point of sight with sufiicient speed in the 
direction of motion, the spokes reappear momentarily. 
Motion-pictures owe their success to this visual prop- 
erty — the persistence of vision. If a lantern-slide 
picture be focused upon black velvet or upon a dark 
doorway, the projected image will not be seen. How- 
ever, if a white rod be moved rapidly enough in the 
plane of the image, the latter may be seen in its en- 
tirety. The mixture of colors, by rotating them on 
disks, ow es its possibility to the persistence of th e 
color-sen$ations be ynnd the period of nrttifil ntimti 
lation^ The fact that it takes time for sensations of 
light to grow and decay is not as important here as 
the fact that the rates of grow th, and ^SiLJQl.decay, 
varyjor diflferent_ colors . In general, the growth and 
the decay are not of similar or uniform rates. Further- 
more, the sensation often initially ^^ overshoots '' its 
final steady value, the amount of ^^ overshooting '' 
depending upon the intensity and color of the stimulus. 
These effects may be witnessed in their extensive 
variety by rotating disks so constructed that black 
and various colors stimulate the retina in definite 
orders. 

An interesting case of this kind may be demon- 
strated by rotating the disk shown in Fig. 67. Not- 
withstanding the fact that these are only black and 
white stimuli, a series of colored rings is seen varying 
from a reddish chocolate to a blue-green. Experiment 
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will detemime the best speed, which is rather slow 
under a moderate intensi^ of illuminatioii. The 
reddish rings will be outermost and the blue-green 
rings innermost when the disk is rotated in one di- 
rection. Upon reversing the direction of rotation the 
positicms of these colored rings will be reversed. By 



n^. 67. — Bj rotating this Hason (black and 
white) disk color-Mnsatlaiu are produced. 

using various colors, such as red and green for the 
white and black respectively, ofher colors will be 
produced, some of which are very striking. The 
complete explanation of the phenomenon is not clear, 
owing to the doubt which exists concerning many of 
the phenomena of color-vision, but it appears certain 
(hat the difference in the rates of growth and decay 
of tiie various color-sensations (ttie white stimulus 
includes all the spectral hues of the illuminant) is at 
least partially, if not wholly, responsible. 
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An interesting effect, perhaps due wholly or in 
part to the differences in the rates of growth and decay 
of color-sensationsi may be observed when a colored 
pattern is moved under a low intensity of illuminatioui 
the eyes remaining focused upon a point in space at 
about the same distance as the object A square of 
red paper pasted in the center of a larger piece of 
blue-green paper is a satisfactory object On moving 
this object gently, keeping the point of sight fixed in 
its plane of movement, the central red square will 
appear to shake like jelly and a decided trail of color 
will appear to cling to the lagging edge of the central 
square. Perhaps chromatic aberration plays some 
part in making this effect so conspicuous. 

A similar case will be noted in a photographic 
dark-room illuminated by red light upon observing 
the self-luminous dial of a watch or clock. When 
the latter is moved in the plane of the dial, the greenish 
luminous figures appear separated from the red dial 
and seem to lag behind during the movement. For 
such demonstrations it is well to experiment some- 
what by varying the intensity of the illumination and 
the speed of movement. Relatively low values of 
each appear to be best. 

Although the various color-sensations grow and 
decay at different rates, the latter depend upon con- 
ditions. It appears that blue-sensation rises very 
rapidly and greatiy overshoots its final steady value 
for a given stimulus. Red ranks next and green third 
in this respect. The overshooting appears to be greater 
for the greater intensity of the stimulus. The time 
required for the sensation to reach a steady value 
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depends both upon the spectral character and the 
brightness of the color but is usually less than a 
second. 

Chromatic Aberration. — It is well known that 
the eye focuses different spectral colors at different 
points. This is true of any simple lens and the defect 
is overcome in the manufacture of optical instruments 
by combining two lenses consisting respectively of 
glasses differing considerably in refractive index. If 
a white object is viewed by the eye, it should appear 
with a purplish fringe ; however, the effect is observed 
more readily by viewing a light-source through a 
purple filter which transmits only violet and red Ught. 
The light-source will have a red or a violet fringe, 
depending upon the accommodation or focus of the 
eye. 

This effect is perhaps best witnessed on viewing ' 
a line spectrum such as that of the mercury arc, focused 
upon a ground glass. The violet and blue lines are 
not seen in good focus when the eyes are focused 
upon the green and yellow lines. Furthermore, the 
former can be seen in excellent focus at a distance too 
short for accommodating the eyes to the green and the 
yellow lines. This experiment shows that the focal 
length of the optical system of the eye is considerably 
shorter for the spectral hues of shorter wave-length 
(violet, blue) than for those of longer wave-length 
(such as yellow). Narrow slits covered with diffusing 
glass and illuminated respectively by fairly pure blue, 
green, yellow, and red lights may be substituted. 

The effect may be demonstrated by tr3ring to focus 
fine detail such as print when two adjacent areas are 
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illuminated by blue and red lights respectively. It is 
also observed when fine detail such as black lines 
are held close to the eye for colored fringes are seen. 
This optical defect is responsible for certain visual 
illusions. 

An excellent demonstration of chromatic aber- 
ration in the eye is found by viewing fine detail 
through a purple filter. Now if a red filter be super- 
posed on the purple one only the red light is trans- 
mitted. Notwithstanding the decrease in illumination 
or rather of light reaching the eye, measurement 
shows that finer detail can be discriminated than in 
the first case. A similar result is found on super- 
posing a blue filter upon the purple one. 

Retiring and Advancing Colors. — For years the 
artist and the decorator have felt that certain colors 
seem to advance nearer than others or that the latter 
seem to retire more than the former. The author^ 
obtained actual measurements of this phenomenon, 
but the evidence also indicated that the effects were 
not the same for all persons. The phenomenon is 
very noticeable in the case of the image of a colored 
lantern-slide projected upon a screen and is readily 
observed when the image consists of letters of various 
colors. In the case of red and green letters, for ex- 
ample, the former appear (to most persons) to be 
considerably nearer the observer than the green 
letters. It has appeared to the writer that the illusion 
is apparent even for white letters upon a dark back- 
ground. In general, the colors whose dominant hues 
are of the shorter wave-lengths (violet, blue, blue- 
green, green) are retiring and those whose dominant 
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hues are of the longer wave-lengths (yellow, orange, 
red) are advancing. 

In order to obtain eiperimental measurements 
two light-tight boxes, each containing a light-source, 
were arranged to run independently upon tracks. 
Over the front end of each a diaphragm was placed 
so that the observer saw two characters as in Fig. 68. 
A saturated red filter was placed over one and a 
saturated blue filter over the other. In a dark room 





Fig. 68. — For demonstrating retiring and advancing colors. 



the observer saw a blue E and a red H standing out 
in the darkness. One of these boxes was fastened so 
as to be immovable and the observer moved the other 
to and fro by means of a cord over pulleys until the 
two' characters appeared equi-distant from him. This 
was done for a series of distances of the stationary 
box from the observer's eye. Nearly all'the observers 
(without being acquainted with the positions) were 
obliged to set the red H further behind the blue £ 
in order that both appeared at the same distance. 
This added distance for the red H was as much as 
2.4 feet when the blue E was at a distance of 24 feet. 
In other words the difference in the positions of the 
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two was as much as 10 per cent of the total distance 
in this case. 

Many other interesting data were obtained but 
most of these are not particularly of interest here. 
Some of the experiments tended to show the effect 
of certain optical defects in the eye and the variations 
and even reversal of the effect for some persons were 
accounted for by differences in the curvatures, etc., 
of certain eye-media for the observers. These details 
are not of interest here but it may be of interest to 
know that the phenomenon may be accounted for by 
the chromatic aberration in the eye. This may not 
be the true explanation, or it may be only partially 
correct. Perhaps some of the illusion is purely psycho- 
logical in origin. Certainly the illusion is very ap- 
parent to most careful observers. 

ColoT'Sensibility of the Retina. ' — This aspect was 
touched upon in Chapter m, but the differences in 
the sensibility of various areas of the retina to various 
colors are of sufficient importance to be discussed 
further. The ability to distinguish light and color 
gradually fades or decreases at the periphery of the 
visual field, but the actual areas of the fields of per- 
ception vary considerably, depending upon the hue or 
spectral character of the light reaching the retina. 
The extreme peripheral region of the visual field is 
'^ color-blind " ; that is, color ceases to be perceived 
before brightness-perception vanishes in the out- 
skirts of the visual field. These fields for various 
colors depend in size and contour not only upon the 
hue or spectral character of the light-stimuli but also 
upon the intensity and perhaps upon the size of the 
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stimuli. There is some disagreement as to the rela- 
tive sizes of these fields but it appears that they in- 
crease in size in the following order: green, red, blue, 
white (colorless). The performances of after-images, 
and the rates of growth and decay of sensation vary 
for different colors and for different areas of the retina, 
but it would be tedious to peruse the many details of 
these aspects of vision. They are mentioned in 
order that the reader may take them into account 
in any specific case. 

As already stated, the central part of the visual 
field — the fovea upon which we depend for acute 
vision — contains a yellowish pigmentation, which is 
responsible for the term ^^ yellow spot." This oper- 
ates as a yellow filter for this central area and modifies 
the appearance of visual fields quite the same as if a 
similar yellow filter was placed in the central position 
of the field of vision. The effect of the selectivity 
of the ^^ yellow spot '' is noticeable in viewing certain 
colors. 

Purtdnje Effect. — The relative sensibility of the 
retina varies for different colors with a change in 
brightness ; or it may be better to state that the rela- 
tive sensations for various colors alters as the bright- 
ness values are reduced to a low intensity. For ex- 
ample, if a reddish purple (consisting of red and blue 
or violet rays) be illuminated in such a manner that 
the intensity of illumination, and consequently its 
brightness, may be reduced from normal to a low 
value (approximating moonlight conditions), it will be 
seen to vary from reddish purple to violet. In doing 
this its appearance changes through the range of 
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ptirples from reddish to violet. This can be ac- 
complished by orientation of the purple surface 
throughout various angles with respect to the di- 
rection of light or by reducing the illumination by 
means of screens. 

In general the Purkinje effect may be described 
as an increasing sensibility of the retina for light of 
shorter wave-lengths (yiolety blue, green) as the 
brightness decreases, or a corresponding decreasing 
sensibility for light of longer wave-lengths (yellow, 
orange, red). The effect may be seen on any colored 
surfaces at twilight illumination. A blue and a red 
flower, which appear of the same brightness before 
sunset will begin to appear unequal in this respect 
as twilight deepens. The red will become darker 
more rapidly than the blue if there are no appreciable 
changes in the color of the daylight. Finally all color 
disappears. It is better to perform this experiment 
under artificial light, in order that the spectral charac- 
ter of the illuminant may be certain to remain con- 
stant. In this case rheostats must not be used for 
dimming the light because of the attendant changes 
in color or quality of the light. 

The Purkinje effect may be noticed by the careful 
observer and it is responsible for certain illusions. 
Apparently it cannot operate over one portion of the 
retina, while the remainder is stimulated by normal 
intensities of light. 

Retinal Rivalry. — Many ctuious effects may be 
obtained by stimulating the two retinas with lights 
respectively different in color. For example, it is 
interesting to place a blue glass before one eye and a 
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yellow or red one before the oOier. The two inde- 
pendent monocular fields strive for supremacy and 
this rivaliy is quite impressive. For a moment the 
whole field may appear of one color and then suddenly 
it will appear (^ the other color. Apparently the 
fluctuation of attention is a factor. Usually it does 
not seem to be possible to reach a quiescent state or 
a perfect mixture of the two colors in this manner. 
The dependence of one monocular field upon the 




other, and also ibeix independence, are emphasized 
by this aq>eriment. It is of interest to consider the 
illusions of reversible perspective and others in 
Chapter V in this connection. 

One of the interesting results of retinal rivaliy is 
found in combining two stereoscopic pictures in black 
and white with the black and white reversed in one 
of fliem. The apparently solid object will appear to 
possess lustre. The e^eriment may be tried with 
Fig. 69 by combining the two stereoscopic pictures by 
converging or diverging the axes of the eyes as de- 
scribed in connection with Figs. 2 and 3. 

It will be noted that in order for two stereoscopic 
pictures, when combined, to produce a perfect effect 
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of three dimensions their dissimilarity must be no 
more than that existing between the two views from 
the two eyes respectively. The dissimilarity in Fig. 69 
is correct as to perspective, but the reversal of white 
and black in one of them produces an effect beyond 
that of true third dimension. When the colors are so 
arranged in such pictures as to be quite different in 
the two the effects are striking. There is, in such 
cases, an effect beyond that of perfect binocular 
combination. 

By means of the stereoscope it is possible to attain 
binocular mixture of colors but this is usually difficult 
to accomplish. The difficulty decreases as the bright- 
ness and saturation of the colors decrease and is less 
for colors which do not differ much in hue and in 
brightness. These effects may be studied at any 
moment, for it is only necessary to throw the eyes 
out of focus for any object and to note the results. 
Many simple experiments may be arranged for a 
stereoscope, using black and white, and various 
combinations of colors. For example, Fig. 66 may be 
combined by means of double images (produced by 
converging or diverging the optical axes) so that the 
two inner squares are coincident. Actual observation 
is much more satisfactory than a detailed description. 

Miscellaneous. — There are many interesting ef- 
fects due to diffraction of light by edges of objects, 
by meshes such as a wire screen or a handkerchief, 
by the eye-media, etc. On looking at a very bright 
small light-source it may be seen to be surrounded 
by many colors. 

Streamers of light appear to radiate from brilliant 
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sources and all bright areas colored or colorlesSi when 
viewed amid dark surroundingSi appear to be sur- 
rounded by diffuse brushes of light These brushes 
are likely to be of a bluish tint. 

Many of these phenomena are readily explained, 
but this cannot be done safely without knowing or 
recognizing all conditions. Many are not easily ex- 
plainedi especially when reported by others, who may 
not recognize certain important conditions. For ex- 
ample, authentic observers have reported that black 
letters on white paper appeared vivid red on a white 
background, under certain conditions. Of the latter, 
the apparently important one was '^ sun's rays falling 
aslant the forehead.'' When the eyes were shaded 
with the hand the letters immediately appeared black 
as they should. 

The influence of the color of an object upon its 
apparent weight is relatively slight, but there is evi- 
dence of a tendency to judge a red or black object to 
be slightly heavier than a yellow or blue object of the 
same weight. It appears that hue is a minor factor 
in influencing the judgment and that there is no cor- 
relation between the affective quality of a color and 
its influence upon apparent weight. Although the 
scanty evidence available attributes but a slight 
influence to color in this respect, it is of interest in 
passing as a reminder of the many subtle factors 
which are at work modifying our judgments. 
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LIGHTING 

IT should be obvious by this time that the lighting 
of objects or of a scene can alone produce an 
illusion, and that it can in still more cases con- 
tribute toward an illusion. Furthermore, there are 
many cases of illusions in lighting due to brightness 
and color. Many effects of lighting have been de- 
scribed elsewhere with detailed analyses of the under- 
lying principles, but a condensed survey applying 
particularly to illusions will be presented here. 

The comparison of intaglio with low relief has 
been mentioned several times in preceding chapters. 
Examples of these as related to lighting are found in 
Figs. 70 to 73. Fig. 70 represents a bas-relief lighted 
from above and Fig. 71 would ordinarily be taken to 
represent a bas-relief lighted from below. However, 
the latter was made from a photograph of the mold 
(intaglio) from which the bas-relief was made and 
Fig. 71 really represents an intaglio lighted from 
above. 

Similarly Fig. 72 represents the bas-relief lighted 
from the left and Fig. 73 ordinarily would be taken 
to be a bas-relief lighted from the right. However, 
Fig. 73 was made from a photograph of an intaglio 
lighted from the left. These amply demonstrate the 
effect of lighting as an influence upon the appearance 
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of objects and they indicate the importance of correct 
assumptions in arriving at a correct judgment. In 
these cases the conceahnent of the light-source and 
the commonness of bas-relief as compared with 
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Fig. H.~a. k diak (abors) *bA » spk«» [below} lighted fiom overbeid, 
6. A diilc and « sphere lighted by perfectly diStued light. 

intaglio are the causes for the illusion or tiie error hi 
judgment. Certainly in these cases the visual sense 
delivers its data correctly. 

In Fig. 74 the upper object is a disk and the 
lower is a sphere. In a Fig. 74 the lighting is due 
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Rg. TO. — A bMB-nliof lifted from abor*. 



Fig. 71. — An intagUo U{9>ted from ibors. 
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Fig. TS.— A ba»-reli«f lighted bom the left 



Fig. TS. — An InUj^ Uj^ted from die left. 
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to a source of light of rather small physical dimensions 
directly above the objects. The same objects il- 
limiinated by means of highly diffused light (that is, 
light from many directions and of imiform intensity) 
appear as in &. Both objects now appear as disks. 
It is obvious that under appropriate lighting a disk 
might be taken for a sphere and vice versa, depend- 



Pig. T8. — A concave hemispherlcai cap on th« left and a convex hemisphere 
on the rigbt Ughted by a Ugbt-soarce of Urge angle such as a window. 

ittg upon which dominates the judgment or upon the 
formulation of the attendant assumptions. Incident- 
ally an appearance quite similar to that of a. Fig. 74 
is obtained when the light-source is near the ob- 
server; that is, when it lies near the line of sight 

Somewhat similar to the confusion of intaglio 
with bas-relief is the confusion of the two hemi- 
spherical objects illustrated in Fig. 76. The one on 
the left is concave toward the observer. In otiier 
words, both could be hemispherical shells — one a 
mold for the other. Under the lighting which existed 
when the original photographs were made they could 
both be taken for hemispheres. The lighting was due 
to a large lig^t-source at the left, but if the object 
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on the left is assumed (incorrectly) to be a hemisphere 
convex toward the observer or a sphere, it must be 
considered to be l^ted from the right, which is also 
an incorrect assumption. Obviously, if the direction 
of the dominant light is clear to the observer, he is 
not likely to make the error in judgment. Incidentally 
the object on the right might be assumed to be a 



Vig. 76. — The same as Fig. 7B, but lighted hj a Tei? small light-source. 

sphere because a sphere is more commonly en- 
countered than a hemisphere. 

The same objects are represented in Fig. 76 
lighted from the left by means of a light-source of 
relatively small dimensions; that is, a source sub- 
tending a relatively small solid-angle at the objects. 
In this case the sharp shadow due to the edge of the 
hemispherical cup (on the left) is likely to cause the 
observer to inquire further before submitting his 
judgment. The more gradual modulation of light 
and shade as in the case of a sphere or a hemisphere 
convex toward the observer is not present in the case 
of the cup. This should be sufficient information for 
the careful observer to guide him, or at least to prevent 
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him from amving at the definite conclusion that the 
left-hand object is a hemisphere with its convex side 
toward him. Furthermore it should be noted that we 
often jump at the conclusion that an object is a sphere 
even though we see with one eye practically only a 
hemisphere and with two eyes hardly enough more 
to justify such a conclusion. However, spheres are 
more commonly encountered than hemispheresi so we 
take a chance without really admitting or even recog- 
nizing that we do. 

The foregoing figures illustrate several phases 
which influence our judgments and the wonder is 
that we do not make more errors than we do. Of 
course, experience plays a large part and fortunately 
experience can be depended upon in most cases; 
however, in the other cases it leads us astray to a 
greater extent than if we had less of it. 

The photographer, perhaps, recognizes more than 
anyone else the pitfalls of lighting but it is unfortu- 
nate that he is not better acquainted with the funda- 
mentals underlying the control of light. Improper 
lighting does produce apparent incongruous effects 
but adequately controlled it is a powerful medium 
whose potentiality has not been fully realized. The 
photographer aims to illuminate and to pose the 
subject with respect to the source or sources of light 
so that undesirable features are suppressed and 
desirable results are obtained. 

Finally his work must be accepted by others and 
the latter, being human, possess (unadmittedly of 
course) a desire to be "good looking." Lighting 
may be a powerful flatterer when well controlled 
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and may be a base revealer or even a creator of ugli- 
ness. 

Incidentally^ the photographer is always under 
the handicap of supplying a '^ likeness " to an indi- 
vidual who perhaps never sees this same ^^ likeness '' 
in a mirror. In other words, the image which a person 
sees of himself in a mirror is not the same in general 
that the photographer supplies him in the photo- 
graphic portrait. The portrait can be a true likeness 
but the mirrored image in general cannot be. In 
the mirror there is a reversal of the parts from right 
to left. For example, a scar on the right cheek of the 
actual face appears on the left cheek in the mirror. 
Faces are not usually symmetrical and this reversal 
causes an individual to be familiar with his own 
facial characteristics in this reversed form. This 
influence is very marked in some cases. For example, 
suppose the left side of a companion's face to be 
somewhat paralyzed on one side due to illness. We 
have become more or less oblivious to the altered 
expression of the left side by seeing it so often. How- 
ever, if we catch a glimpse of this companion's face 
in the mirror and the altered expression of the left 
side now appears upon the right side of the face, the 
contrast makes the fact very conspicuous. Perhaps 
this accounts for the difference which exists between 
the opinions of the photographer (or friends) and 
of the subject of the portrait. 

All the illusions of brightness-contrast may be 
produced by lighting. Surfaces and details may 
appear larger or smaller, harsh or almost obliterated, 
heavy or light; in fact, lighting plays an important 
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part in influencing the mood or expression of a room. 
A ceiling may be " lifted " by light or it may hang 
low and threatening when dark, due to relatively 
Uttle light reaching it Columns may appear dark 
on a light background or vice versa, and these illus- 
trate the effects of irradiation. A given room may be 
given a variety of moods or expressions by varjring 
the lighting and inasmuch as the room and its physical 
characteristics have not been altered, the various 
moods may be considered to be illusions. It should 
be obvious that lighting is a potent factor. 

In connection with lighting it should be noted 
that contrasts play a prominent role as they always 
do. These have been discussed in other chapters, 
but it appears advantageous to recall some of the 
chief features. The effect of contrast is always in 
the direction of still greater contrast. That is, black 
tends to make its surroundings white; red tends to 
make its surroundings blue-green (complementary), 
etc. The contrast-effect is greatest when the two 
surfaces are juxtaposed and the elimination of bound- 
ary lines of other colors (including black or white) 
increases its magnitude. The contrast-effect of colors 
is most conspicuous when there is no brightness- 
contrast, that is, when the two surfaces are of equal 
brightness and therefore differ chiefly in hue. This 
effect is also greatest for saturated colors. It has 
been stated that cold colors produce stronger con- 
trast-effects than warm colors, but experimental evi- 
dence is not sufficientiy plentiful and dependable to 
verify this statement. 

As the intensity of illumination increases, colors 
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appear to become less saturated. For example, a 
pure red object under the noonday sun is likely to be 
painted an orange red by the artist because it does 
not appear as saturated as it would under a much 
lower intensity of illumination. In general, black and 
white are the final appearances of colors for respec- 
tively very low and very high brightness. As the 
intensity of illumination decreases, hue finally dis- 
appears and with continued decrease the color ap- 
proaches black. Conversely, as the intensity of il- 
lumination increases, a color becomes apparently less 
and less saturated and tends toward white. For 
example, on viewing the sun through a colored glass 
the sun appears of a much less saturated color than 
the haze near the sun or a white object illuminated 
by sunlight. 

Visual adaptation also plays a prominent part, and 
it may be stated that all sensations of light tend toward 
a middle gray and all sensations of color tend toward 
neutrality or a complete disappearance of hue. The 
tendency of sensations of light toward a middle gray 
is not as easily recognized as changes in color but 
various facts support this conclusion. In lighting it 
is important to recognize the tendency of color toward 
neutrality. For example, a warm yellow light soon 
disappears as a hue and only its subtle influence is 
left; however, a yellow vase still appears yellow 
because it is contrasted with objects of other colors. 
In the case of colored light the light falls upon every- 
thing visible, and if there is no other light-source of 
another color with which to contrast it, its color ap- 
pears gradually to fade. This is an excellent example 
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of the tremendous power and importance of contrast. 
It is the life of color and it must be fully appreciated 
if the potentiality of lighting is to be drawn upon as 
it should be. 

Physical measurements are as essential in lighting 
as in other phases of human endeavor for forming 
a solid foundation, but in all these activities where 
visual perception plays an important part judgment 
is finally the means for appraisal. Wherever the 
psychological aspect is prominent physical measure- 
ments are likely to be misleading if they do not agree 
with mental appraisals. Of course the physical meas- 
urements should be made and accumulated but they 
should be considered not alone but in connection 
with psychological effects. 

The photometer may show a very adequate in- 
tensity of illumination; nevertheless seeing may be 
unsatisfactory or even impossible. An illumination 
of a few foot-candles under proper conditions at a 
given surface is qtiite adequate for reading; how- 
ever, this surface may appear qtiite dark if the sur- 
roundings are bright enough. In such a case the 
photometer yielded results qtiite likely to be misin- 
terpreted as satisfactory. It should be obvious that 
many illusions discussed in preceding chapters are 
of interest in this connection. 

An interesting example of the illusion of color 
may be easily demonstrated by means of a yellow 
filter. For this purpose a canary glass is qtiite satis- 
factory. When such a filter is placed before the eyes 
a daytime scene outdoors, for example, is likely to 
appear to be illtiminated to a greater intensity than 
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when the eyes are not looking through the filter. This 
is true for a glass used by the author notwithstanding 
the fact that the filter transmits only about one-half 
as much light as a perfectly clear colorless glass. In 
other words, the brightnesses of objects in the scene 
are reduced on the average about fifty per cent, still 
the subject is impressed with an apparent increase 
in the intensity of illumination (and in brightness) 
when the filter is placed before the eyes. Of course, 
the actual reduction in brightness depends upon the 
color of the object. 

In such a case as the foregoing, true explanations 
are likely to involve many factors. For this reason 
explanations are usually tedious if they are to be 
sufficiently qualified to be reasonably near complete- 
ness. In this case it appears that the yellow filter 
may cause one to appraise the intensity of illumina- 
tion as having increased, by associating such an in- 
fluence as the sun coming out from behind a cloud. 
If we look into the depths where light and color ac- 
cumulated their psychological powers, we are con- 
fronted on every hand by associations many of which 
are more or less obscure, and therefore are subtiy 



The psychological powers of colors could have 
been discussed more generally in the preceding chap- 
ter, but inasmuch as they can be demonstrated more 
effectively by lighting (and after all the effect is one 
of light in any case) they will be discussed briefly 
here. They have been presented more at length 
elsewhere. 

It is well known that the artist, decorator, and 
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others speak of warm and cold colors, and these ef- 
fects have a firm psychological foundation. For ex- 
ample, if a certain room be illuminated by means of 
blue light, it does seem colder. A theater illuminated 
by means of bltiish light seems considerably cooler 
to the audience than is indicated by the thermometer. 
If this lighting is resorted to in the summer time the 
theater will be more inviting and, after all, in such 
a case it makes littie difference what the thermometer 
indicates. The " cold " light has produced an il- 
lusion of coolness. Similarly '^ warm " light, such as 
yellow or orange, is responsible for the opposite 
feeling and it is easily demonstrated that an illusion 
of higher temperature may be produced by its use. 
As already stated, color-schemes in the decorations 
and furnishings produce similar effects but in general 
they are more powerful when the primary light is 
colored. In the latter case no object is overlooked 
for even the hands and faces of the beings in the 
room are colored by the light. In the case of color- 
schemes not all objects are tinged with the desired 
" warm " or " cold ** color. 

In the foregoing, associations play a prominent 
role. The sky has been blue throughout the number- 
less centuries during which the human organism 
evolved. The blue-sky during all these centuries 
has tinged the shadows outdoors a bltiish color. That 
shade is relatively cool we know by experience and 
perhaps we associate coolness or cold with the aerial 
realm. These are glimpses of influences which have 
cooperated toward creating the psychological effect 
of coldness in the case of bluish light. By contrast 
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with skylight, sunlight is yellowish, and a place in 
the sun is relatively warm. South rooms are usually 
warmer than north rooms in this hemisphere when 
artificial heat is absent and the psychological effect 
of warmth has naturally grown out of these and similar 
influences. 

We could go further into the psychology of light 
and color and conjecture regarding effects directly 
attributable to color, such as excitement, depression, 
and tranquillity. In so doing we would be led far 
astray from illusions in the sense of the term as used 
here. Although this term as used here is stiU some- 
what restricted, it is broader in scope than in its 
usual applications. However, it is not broad enough 
to lead far into the many devious highways and by- 
ways of light and color. If we did make these ex- 
cursions we would find associations almost univer- 
sally answering the questions. The question would 
arise as to innate powers of colors and we would find 
ourselves wondering if all these powers were ac- 
quired (through associations) and whether or not 
some were innate. And after many interesting views 
of the intricate subject we would likely conclude that 
the question of the innateness of some of the powers 
of color must be left unanswered. 

As an example let us take the case of the rest- 
fulness or depression due to blue. We note that the 
blue sky is quite serene or tranquil and we find that 
the delicate sensibilities of poets verify this im- 
pression. This association could account for the im- 
pression or feeling of tranquillity associated with blue. 
On proceeding further, we would find nature's soli- 
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tudes often tinged with the blue skylight, for these 
solitudes are usually in the shade. Thus their rest- 
fulness or even depressiveness may be accounted 
for — partially at least. These brief glimpses are 
presented in order that they may suggest to the reader 
another trend of thought when certain illusions of 
light and color are held up for analysis. Besides 
these our individual experiences which have molded 
our likes and dislikes must be taken into account. 
This phase of light and color has been treated else- 
where.* 

A very unusual kind of optical illusion is illustrated 
by the phenomenon of the apparent ending of a search- 
light beam which has attracted much attention in 
connection with the powerful searchlights used for 
locating aeroplanes (Fig.77). For years the apparent 
ending has more or less carelessly been attributed 
to the diminution of the density of atmospheric fog 
or haze, but recently Karrer ^^ has suggested what 
appears to be the correct explanation. 

When the beam of light from a powerful searchlight 
is directed into space, its path is visible owing to the 
scattering of some of the light by dust and moisture 
particles and the molecules of the air itself. While 
obviously the beam itself must go on indefinitely, its 
luminous path appears to end abruptly at no very 
great distance from the source. This is true whether 
the beam is photographed or viewed with the naked 
eye. 

The fa? t that the appearance of the beam is no dif- 
ferent when it is directed horizontally than when 
directed vertically proved that the common assump- 
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tion pertaining to the ending of the haze or fog is 
untenable. Furthermore, photometric measurements 
on the different portions of the beam as seen from a 



ng. 77. — Apparent soding of ■ uuchli^t beam. 

position near the searchlight show that the beam is 
actually brighter at its outer termination than near 
its origin. Again, the apparent length of the beam 
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varies with the position of the observer, and bears a 
direct ratio to his distance from the searchlight. 

The fact is, that the luminous path of the beam has 
no definite ending, and extends to a very great dis- 
tance — practically to infinity. It appears to be 
sharply cut off for the same reason that the boundary 
between earth and sky in a flat landscape is a sharp 
line. Just as the horizon recedes when the landscape 
is viewed from an elevation, so the beam appears 
longer when one's distance from it is increased. The 
outer portion appears brighter, because here the line 
of sight pierces it to great depth. 

That the ending of the beam appears close at hand 
is no doubt partly due to the brightness distribution, 
but is also a matter of perspective arising from the 
manner in which the beam is adjusted. Searchlight 
operators in the army were instructed to adjust the 
light to throw a parallel beam. Accordingly, the ad- 
justments were so made that the beam appeared the 
same width at its outer extremity as at its base. The 
result seems to be a short parallel shaft of light, but 
is really a divergent cone of infinite extent, its angle 
of divergence being such as exactly to offset the effects 
of perspective. 

If the beam were a truly parallel one it would seem 
to come to a point, just as the edges of a long straight 
stretch of country road seem to meet at the horizon. 
If the sides of the road were not parallel, but diverged 
from the observer's eye at exactly the rate at which 
they ordinarily would appear to converge, then the 
road would seem to be as wide where it passed out 
at the horizon as at the observer's feet. If there were 
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no other means in the landscape of judgmg the dis- 
tance of the horizon than by the perspective afforded 
by the road, it would likely be inferred that the road 
only extended a short distance on the level, and then 
went down a hill, that is, passed abruptly from the 
observer's view. 

These conditions obtain ideally in the case of the 
searchlight beam. There is no other means of judging 
the position in space of the ^^ end " of an unobstructed 
searchlight beam than by the perspective of the beam 
itself, and the operator in adjusting it to appear parallel 
eliminates the perspective. 

The angle at which the beam must diverge to appear 
parallel to an observer depends upon the distance of 
the observer from the searchlight. A beam which 
seems parallel to a person close to it will not appear 
so at a distance. This fact probably accounts for the 
difficulties encountered during '' searchlight drill '' in 
the army in getting a beam which satisfied both the 
private operating the lamp and the officer down the 
field as to its parallelity. 

To summarize, the apparent abrupt ending of a 
searchlight beam is purely an optical illusion. It 
really has no ending; it extends to infinity. 



XI 

NATURE 

VSUAL illusions abound everywhere, and there 
are a number of special interest in nature. 
Inasmuch as these are representative of a 
wide range of conditions and are usually within the 
possible experience of nearly everyone daily, they 
appear worthy of special consideration. Some of 
these have been casually mentioned in other chap- 
ters but further data may be of interest. No agree- 
ment has been reached in some cases in the many 
suggested explanations and little or no attempt of this 
character will be made in the following paragraphs. 
Many illusions which may be seen in nature will be 
passed by because their existence should be obvious 
after reading the preceding chapters. For example, 
a tree appears longer when standing than after it has 
been felled for the same reason that we overestimate 
vertical lines in comparison with horizontal ones. 
The apparent movement of the sun, moon, and stars, 
when clouds are floating past, is a powerful, though 
commonplace, illusion but we are more specifically 
interested in static illusions. However, it is of in- 
terest to recall the effect of involuntary eye-move- 
ments or of fluctuation in fixation because this factor 
in vision is important in many illusions. It is demon- 
strated by lying face upward on a starlit night and 
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fixing the gaze upon a star. The latter appears to move 
more or less jerkily over its dark background. The 
magnitude and involuntary nature of these eye-move- 
ments is demonstrated in this manner very effectively. 

The effect sometimes known as aerial perspective 
has been mentioned heretofore. The atmosphere 
is not perfectly transparent or colorless and is not 
homogeneous from an optical standpoint. It scatters 
rays of the shorter wave-lengths more than those 
of the longer wave-lengths. Hence it appears of a 
bluish tint and anything seen through great distances 
of it tends toward a reddish color. The blue sky and 
the redness of the setting sun are results of this 
cause. Distant signal-lights are reddened, due to the 
decrease in the rays of shorter wave-length by 
scattering. Apparently we have come to estimate 
distance to some extent through the amount of blurring 
and tinting superposed upon the distant scene. 

In the high Rockies where the atmosphere is 
unusually clear, stretches of fifty miles of atmosphere 
lying between the observer and the distant peaks will 
show very littie haze. A person inexperienced in 
the region is likely to construe this absence of haze 
as a shorter distance than the reality and many amus- 
ing incidents and ludicrous mistakes are charged 
against the tenderfoot in the Rockies. After mis- 
judging distance so often to his own discom^ture a 
tourist is said to have been found disrobing pre- 
paratory to swimming across an irrigation ditch. He 
had lost confidence in his judgment of distance and 
was going to assume the risk of jumping across what 
appeared to be a ditch but what might be a broad 
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river. Of course, this story might not be true but it 
serves as well as any to emphasize the illusion which 
arises when the familiar haze is not present in strange 
territory. 

It is a common experience that things ''loom in 
a fog," that is, that they appear larger than they 
really are. An explanation which has been offered 
is that of an '' excess of aerial perspective " which 
causes us to overestimate distance and therefore to 
overestimate size. If this explanation is correct, it is 
quite in the same manner that in clear atmosphere 
in the mountains we underestimate distance and, 
consequently, size. However, another factor may 
enter in the latter case, for the illusion is confined 
chiefly to newcomers; that is, in time one learns 
to judge correctly. On entering a region of real moun- 
tains the first time, the newcomer's previous ex- 
perience with these formations is confined to hills 
relatively much smaller. Even allowing consider- 
ably for a greater size when viewing the majestic 
peaks for the first time, he cannot be expected to think 
in terms of peaks many times larger than his familiar 
hills. Thus underestimating the size of the great 
peaks, he underestimates the distance. The rarity 
of the atmospheric haze aids him in making this mis- 
take. This is not offered as a substitute for aerial 
perspective as the primary cause of the illusion but it 
appears to the author that it is a cause which must 
be taken into account. 

The apparent form of the sky has attracted the 
attention of many scientific investigators for centuries. 
There are many conflicting opinions as to the causes 
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of fhis appearance of form, but there is general agree- 
ment that the sky appears usually as a flattened vault 
The sky is bright, due to scattering of light by actual 
particles of solid matter and moisture and possibly 
by molecules of gas. Lack of optical homogeneity 
due to varyiog refractive index is likely to be partially 
responsible. Usually a prominent layer of haze about 
a mile in thickness (although this varies consider- 
ably) lies next to the earth's surface. The top of this 
haze is fairly well defined as aerial travelers know, 
but the sky above is still far from black, indicating 
scattered light and illuminated particles still higher. 
As one continues to ascend, thereby leaving more and 
more of the luminous haze behind, the sky becomes 
darker and darker. Often at altitudes of four or five 
miles the sky is very dark and the stm is piercingly 
bright. Usually there is little or no bright haze ad- 
jacent to the stm at these high altitudes as is com- 
monly seen from the earth's surface. At these high 
altitudes the author is not conscious of a flattened 
vault as at the earth's surface but the illusion of a 
hemispherical dome still persists. 

There is some agreement that the dome of the 
sky appears less depressed at the zenith by night than 
by day. This is in accord with the author's observa- 
tion at very high altitudes on occasions when the 
sky was much darker than when viewed from the 
earth's surface. Dember and Uibe assumed the 
apparent shape as a part of a sphere (justifying this 
assumption to their satisfaction) and obtained esti- 
mates of the apparent depression at the zenith. They 
estimated the middle point of the arc from the zenith 
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to the horizon and then measured the anpilflr alti- 
tude of that point They found that the degree of 
clearness of the sky has considerable influence upon 
the apparent height and they state that the sky ap- 
pears higher in the sub-tropics than in Germany. 
On very clear moonless nights they fotmd that the 
shape of the sky-dome differs little from that of a 
hemisphere. They concluded that the phenomenon 
is apparently due to optical conditions of the atmos- 
phere which have not been determined. 

It is of interest to note the appearance of the 
sky when cumulus clouds are present The bases 
of these vary. in height, but are fotmd at altitudes 
from three to five thousand feet They appear to form 
a flat roof of clouds bending downward at the horizon, 
thus giving the appearance of a vaulted but flattened 
dome. This apparent shape does not differ much in 
clear weather, perhaps due largely to the accus- 
tomedness of the eye and to the degradation of color 
from blue to gray toward the horizon. Furthermore 
the lower sky is usually much brighter than the zenith 
and the latter being darker appears to hang lower. 
It is of interest to note how persistent is the illusion 
of a flattened dome, for when one rises rapidly in the 
air and, within a few minutes, is on the level with the 
clouds or the dense low-lying haze, he is mildly sur- 
prised to find these are levels and not vaulted roofs. 
Despite the fact that by many previous experiences 
he has learned what to expect, the feeling of mild 
surprise is bom each time on ascending rapidly. 

The appearance of the flattened vault of the sky 
is held by some to account for the apparent enlarge- 
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ment of the sun, moon, and the constellations at the 
horizon. That is, they appear more distant at the 
horizon and we instinctively appraise them as being 
larger than when they are at higher altitudes. It is 
certain that these heavenly bodies do appear much 
larger when they are rising or setting than when tl^ey 
are nearer the zenith. In fact, this is one of the most 
remarkable and surprising illusions which exist. 
Furthermore this apparent enlargement has been 
noted universally, still many persons have attributed 
it to an actual optical magnification. Although we 
are more familiar with this enlargement in connec- 
tion with the sun and moon, it still persists with the 
constellations. For example, Orion is apparently 
very large; in fact, this is the origin of the name. 
That this enlargement is an illusion can be shown in 
several ways but that it is solely due to the influence 
of the apparent flattened form of the sky may be 
doubted. Certainly the moon appears greatly en- 
larged while near the horizon, even when there is 
doubt as to an appreciable appearance of flattening 
of the sky-dome. 

Many peculiar conditions and prejudices must 
be taken into account. For example, if various per- 
sons are asked to give an idea of how large is the 
disk of the sun or moon, their answers would vary 
usually with the head of a barrel as the mflTim^im. 
However, the size of a tree at a distant sky-line might 
unhesitatingly be given as thirty feet. At the horizon 
we instinctively compare the size of the sun, moon, 
and constellations with hiUs, trees, houses, and other 
objects, but when the former are high toward the 
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in the empty sky we may judge them in their 
isolated position to be nearer, hence smaller. 

Normally the retinal image grows laiger as the 
object approaches, but this same sensation also arises 
wh^n an object grows in size without altering its 
distance. If the moon be viewed through field-glasses 
the image is larger than in the case of the unaided 
eyes, but it is quite common for observers to state 
that it appears smaller. The enlargement may be 
interpreted as approach and inasmuch as we, through 
habit, allow for enlargement as an object approaches, 
we also must reduce it in our imagination to its natural 
size. Perhaps in this case we overdo this reduction. 

James states that the increased apparent size 
of the moon near the horizon ^^ is a result of associa- 
tion and probability. It is seen through vaporous 
air and looks dimmer and duskier than when it rides 
on high; and it is seen over fields, trees, hedges, 
streams, and the like, which break up the intervening 
space and makes us the better realize the latter's 
extent.'' Both these causes may make the moon 
seem more distant when it is at low altitudes and as 
its visual angle grows less, we may think that it must 
be a larger body and we so perceive it Certainly 
it looks particularly large when a well-known object 
is silhouetted against its disk. 

Before proceeding further with explanations, it 
may be of interest to turn to Fig. 78 which is an ac- 
curate tracing of the path of the moon's image across 
a photographic plate. The camera was placed in a 
fixed position and the image of the moon's disk on 
rising was accurately focused on a panchromatic plate. 
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A dense red filter was maintained over the lens through- 
out in order to eliminate the effect of selective ab- 
sorption of the atmosphere. But the slightest en- 
largement was detected in the width of the path near 
the horizon as compared with that at the highest 




Fig. 78. — An accurate tracing from a iihotograph (continual eipoiuro) of 

the moon rising. 

altitude. This copy was made because it was thought 
better for reproduction than the photograph which 
would require a half-tone. This is positive evidence 
that the phenomenon is an illusion. 

Similarly Fig. 79 is a copy of a negative of several 
exposures of the sun. Owing to the greater bright- 
ness, continuous exposure was not considered feasible. 
A panchromatic plate and red filter was used as in 
the case of the moon. The various exposures were 
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made without otherwise adjusting the camera. Again 
no enlargement at the horizon was found. 

Although the foregoing is conclusive evidence of 
the illusory character of the enlargement there are 
other ways of making measurements. On viewing 




Fig. 79. — Accurate tracings from a photograph (short exposures at 

intervals) of the sun setting. 

the sun at the horizon a bright after-image is ob- 
tained. This may now be projected upon the sky 
as a background at any desired altitude. It will ap- 
pear much smaller at the zenith than the stm appears 
at the horizon. Certainly this is a simple and con- 
clusive demonstration of the illusion. In this case 
the after-image of the sun or the stm itself will usually 
appear at least twice as large as the after-image 
at the zenith. 
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If the variation in the position of the eyes is held 
to account for the illusion, this explanation may be 
supported by using a horizontal telescope with ad- 
justable cross-hairsi and a mirror. By varying the 
position of the latter the disk of the sun may be meas- 
ured at any altitude without varjring the position 
of the eye. When everything is eliminated, from the 
field but the moon's disk, it is fotmd to be constant 
in size. However, this is not conclusive evidence 
that the variation in the position of the line of sight 
accotmts for the illusion. 

As a demonstration of the absence of enlargement 
of the size of the moon near the horizon some have 
brought forward measurements of the Itmar circles 
and similar phenomena. These are said to be un- 
affected by the altitude of the moon except for re- 
fraction. But even this does not change the horizontal 
diameter and actually diminishes the vertical one. 
The moon is further away when near the horizon 
than when at the zenith, the maximum increase in 
distance being one-half the diameter of the earth. 
This would make the moon appear about one-sixtieth, 
or one-half minute of arc smaller at the horizon than 
at the zenith. This is not only in the wrong direction 
to aid in accotmting for the apparent enlargement, but 
it is so slight as to be imperceptible to the unaided eye. 

Nearly two centuries ago Robert Smith and his 
colleagues concluded that the sky appears about 
three times as far away at the horizon as at the zenith. 
They found that the relative apparent diameters 
of the sun and of the moon varied with altitude as 
follows : 
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Fig. 80. — Ezplanatioii offered by Smith of the apparent enlargement of 

heavenly bodies near the horizon. 



They also found a similar relation between the alti- 
tude and the apparent size of constellations. Fig. 80 
is a reproduction of a diagram which Smith sub- 
mitted as illustrating the cause of the illusion of 
apparent enlargement of heavenly bodies near the 
horizon. If the sky seems to be a flattened vault, 
the reason for the apparent decrease in the size of 
the Sim, the moon, or the constellations, as they ap- 
proach the zenith, is suggested by the diagram. 

It has also been suggested that such illusions as 
those shown in Figs. 10 and 19 are associated with 
that of apparent enlargement of heavenly bodies near 
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the horizon. It will be left to the reader to decide 
whether or not there is any similarity or relation* 

Zoth appears to have proved, to his own satis- 
faction at leasti that the chief factors are not aerial 
perspective, the apparent curvature or form of the sky, 
and the comparison of the sun or moon with objects 
of known size. He maintained that the illusion of 
apparent decrease in size as these bodies increase 
in altitude is due to the necessary elevation of the 
eye. No available experimental evidence seems to 
refute his statement. In fact, Guttman's experi- 
ments seem to confirm it to some extent. The latter 
found that there was an apparent diminution in the 
size of objects of several per cent, in objects slightly 
more than a foot distant from the eyes, as they were 
raised so that the line of vision changed from hori- 
zontal to an angle of forty degrees. The magnitude 
of this diminution is not sufficient to promote the ac- 
ceptance of elevation of the eyes as a primary cause 
of the illusion in respect to the heavenly bodies. 

Notwithstanding arguments to the contrary, it 
is difficult to eliminate aerial perspective and the 
apparent form of the sky as important factors. That 
no explanation of this illusion has been generally 
accepted indicates the complexity of the causes. 
Certainly the reddish coloration of the stm and moon 
near the horizon and the contrast with the misty 
atmosphere combined with the general vague aspect 
of the atmosphere contribute something if no more 
than a deepening of the mystery. Variations in the 
transparency and brightness of the air must play 
some part. 
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In discussing the great illusions of nature, it ap- 
pears appropriate to introduce the mirage. This 
is not due to an error of sense of judgment. The 
eye sees what is presented but the inversions and 
other peculiar effects are due to variations in the 
refractive index of the atmosphere. These varia- 
tions account for the appearance of ^^ lakes '' in arid 
deserts, of the inverted images of ships and ice- 
bergs on the sea and of '^ pools of water " on pave- 
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ig. 81. — Explanation of a common mirage. 

ments. The refractive index of the atmosphere is 
continually changing, but the changes are chiefly of 
two types: (1) those due to irregular heating and 
(2) those due to normal variation with altitude. The 
former type are particularly responsible for mirages. 
A common type of mirage is illustrated in Fig. 81. 
This is often visible on deserts where the hot sand 
causes the adjacent layer of air to expand and there- 
fore, the refractive index to increase. This layer of 
air then may be considered to operate like an inverted 
prism. The rays of light close to the earth are bent 
convex to the earth and the curvature of those higher 
up may be reversed. The reason that an object may 
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appear double, or as if mirrored by the surface of a 
nearby pond, is clearly shown in the illustration. 

Similar atmospheric conditions are fotmd some- 
times over pavements and over bodies of water. As 
one rides along in an automobile ascending an in- 
cline, if he closely observes at the moment the line 
of sight is just on the level of the pavement, he will 
often be rewarded by the sight of a mirage. An 
approaching pedestrian may have no feet (they are 
replaced by a bit of sky) and the distant pavement 
will appear to contain pools of water on its surface. 

Sometimes on deserts, over ice fields, or on northern 
seas, mirages are of the inverted type. A horseman 
or ship may appear suspended in the air in an in- 
verted position. When the density of the air is great 
enough so that only the upper rays reach the eye, 
the object will be seen inverted and far bove the 
surface upon which nothing is seen. Many modifi- 
cations of these types are possible through varia- 
tions in the refractive indices of various strata of air. 
Sometimes the air is stratified horizontally and even 
vertically, which results in magnification as well as 
other peculiar effects. 

As one rides over the desert in a rapidly moving 
train or automobile these vagaries of nature are some- 
times very striking, because the speed of motion will 
make the effects of the varyiog refractive indices 
more marked. A distant foothill may appear to 
float in the air or to change its shape very rapidly. 
An island surrounded by quiet air and water may 
appear like a huge mushroom barely supported by a 
stem. 
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Arctic mirages are no less wonderful than those 
of the hot barren deserts. While traveling along 
over the ice and snow distant white peaks may assume 
the most fantastic shapes. At first they may appear 
flattened like a table-land and then suddenly they 
may stretch upward like spires. They may shrink 
then spread like huge mushrooms supported by the 
stalk-like bases and stretching out laterally. Sud- 
denly they may shoot upward into another series of 
pinnacles as if another range had suddenly arisen. 
Such antics may go on for hours as one travels along 
a frozen valley. Even a change of position of the 
eyes accompanjring a change from erect to lying 
down may cause remarkable contortions of the dis- 
tant mountains and one is reminded of the psalmist's 
query, "Why hop ye so, ye hills?" 

Although not an illusion but a physical reality, it 
is of interest in passing to note the colored halo or 
aureole surrotmding the shadows of objects cast by 
the sun against a cloud, fog, or jet of steam. The 
most wonderful effects are seen by the aerial traveler 
over a bank of clouds when the upper sky is clear. 
For example, the shadow of the aircraft cast by the 
Sim upon a dense layer of clouds is surrotmded by 
a halo or aureole of the colors of the rainbow. The 
phenomenon is purely optical, involving diffraction 
of light. A well-known example of this is the " Spectre 
of the Brocken." 
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PAINTING AND DECORATION 

IN the arts where colors, brightnessesi contrasts, 
lines, forms, and perspectives mean so much, it 
is obvious that visual illusions are important. 
Sometimes they are evils which must be suppressed ; 
in some cases they are boons to the artist if he is equal 
to the task of harnessing them. Ofttimes they appear 
unheralded and unexpected. The existence of visual 
illusions is sufficient to justify the artist's pride in 
his ^^ eye " and his dependence upon his visual judg- 
ment rather than upon what he knows to be true. 
However true this may be, knowledge is as useful 
to the artist as to anyone else. The artist, if he is 
to produce art, is confronted with the tremendous 
task of perfecting an imperfect nature and he is handi- 
capped with tools inferior to those which nature has 
at her disposal. He must deal with reflected lights 
from earthly materials. Nature has these besides 
the great primary light-sources — the sun, the moon, 
the stars, and, we might say, the sky. She also has 
the advantage of overwhelming magnitudes. 

These are only a few of the disadvantages under 
which the artist works, but they indicate that he must 
grasp any advantage here and there which he may. 
Knowledge cannot fail him; still, if he fears that 
it will take him out of his '^ dream world '' and taint 
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him with earthliness, let him ponder over da Vinci, 
Rembrandt, and such men. These men knew many 
things. They possessed much knowledge and, after 
all, the latter is nothing more nor less than science 
when its facts are arranged in an orderly manner. 
If the arts are to speak ^^a noble and expressive 
language " despite the handicaps of the artist, knowl- 
edge cannot be drawn upon too deeply. 

Perhaps in no other art are the workmen as little 
acquainted with their handicaps and with the scientific 
facts which would aid them as in painting. Painters, 
of course, may not agree as to this statement, but if 
they wish to see how much of the science of light, 
color, lighting, and vision they are unacquainted 
with, let them invade the book-shelves. If they think 
they know the facts of nature let them paint a given 
scene and then inquire of the scientist regarding 
the relative values (brightnesses) in the actual scene. 
They will usually be amazed to learn that they cannot 
paint the lights and shadows of nature excepting in 
the feeblest manner. The range of contrast repre- 
sented by their entire palette is many thousand 
times less than the range of values in nature. In 
fact exclusive of nature's primary light-sources, such 
as the Sim, she sometimes exhibits a range of bright- 
ness in a landscape a million tunes greater than the 
painter can produce with black and white pigments. 
This suggests that the artist is justified in using any 
available means for overcoming the handicap and 
among his tools, visual illusions are perhaps the most 
powerful. 

A painting in the broadest sense is an illusion, 
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for it strives to present the three-dimensional world 
upon plane areas of two dimensions. Through rep- 
resentation or imitation it creates an illusion. If the 
artist's sensibility has been capable of adequate 
selection, his art will transmit, by means of and 
through the truths of science, from the region of per- 
ception to the region of emotion. Science consists of 
knowing ; art consists of doing. If the artist is familiar 
with the facts of light, color, Ughting, and vision, he 
will possess knowledge that can aid him in over- 
coming the great obstacles which are ever-present. 
A glimpse of visual illusions should strengthen him 
in his resolution to depend upon visual perception, 
but he can utilize these very illusions. He can 
find a use for facts as well as anyone. Facts as 
well as experience will prepare him to do his work 
best. 

The artist may suggest brilliant sunlight by means 
of deep shadow. The old* painters gained color at 
the expense of light and therefore lowered the 
scale of color in their representations of nature. It 
is interesting to see how increasing knowledge, as 
centuries passed, directed painters as it did others 
onward toward the truth. Turner was one of the 
first to abandon the older methods in an attempt 
to raise the scale of his paintings toward a brilliance 
more resembling nature. By doing this he was able 
to put color in shadows as well as in lights. Gradu- 
ally paintings became more brilliant. Monet, Claude, 
and others worked toward this goal until the bright- 
nesses of paintings reached the limits of pigments. 
The impressionists, in their desire to paint nature's 
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light, introduced something which was nothing more 
nor less than science. All this time the true creative 
artist was introducing science — in fact, illusions — 
to produce the perfect illusion which was his goal. 
A survey of any representative paintings' gallery 
shows the result of the application of more and more 
knowledge, as the art of painting progressed through 
the centuries. Surely we cannot go back to the brown 
shadows and sombre landscapes of the past. 

In the earliest art, in the efforts of children, in the 
wall-paintings of the Egyptians, and in Japanese 
representation of nature, the process is selective and 
not inutative. Certain things are chosen and every- 
thing el^e is discarded. In such art selection is carried 
to the extreme. Much of this simplicity was due 
to a lack of knowledge. Light and shade, or shading, 
was not introduced until science discovered and 
organized its facts. Quite in the same manner linear 
and aerial perspective made their appearances until 
in our present art the process of selection is complex. 
In our paintings of today objects are modeled by 
light and shade; they are related by perspective; 
backgrounds and surroundings are carefully con- 
sidered; the proper emphasis of light, shade and 
color are given to certain details. The present com- 
plexity provides unprecedented opportunities for the 
application of knowledge pertaining to illusions but 
it should be understood that this application tends 
only toward realism of external things. Idealism in 
art and realism of character and expression are ac- 
complished by the same tools — pigments and brushes 
— as realism of objective details is attained and 
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there is nothing mysterious in the masterpieces 
of this kind. M]rstery in art as in other activities 
is merely lack of understanding due to inadequate 
knowledge. Mysteries of today become facts to- 
morrow. Science moves with certainty into the un- 
known, reaping and binding the facts and dropping 
them behind where they may be utilized by those who 
will. 

The painter can inutate aerial perspective al- 
though many centuries elapsed before mankind was 
keen enough to note its presence in nature. The 
atmospheric haze diminishes the brightness of very 
bright objects and increases that of dark objects. It 
blurs the distant details and adds a tinge of blue or 
violet to the distance. In painting it is a powerful 
illusion which the painter has learned to employ. 

The painter can accurately inutate mathematical 
or linear perspective but the art of early centuries does 
not exhibit this feature. In a painting a tremendously 
powerful illusion of the third dimension is obtained 
by diminishing the size of objects as they are rep- 
resented in the distance. Converging lines and the 
other manifold details of perspective are aiding the 
artist in his efforts toward the production of the great 
illusion of painting. 

The painter cannot inutate focal perspective or 
binocular perspective. He can try to imitate the 
definition in the central portion of the visual field 
and the increased blurring toward the periphery. 
Focal perspective is not of much importance in paint- 
ing, because it is scarcely perceptible at the distances 
at which paintings are usually viewed. However 
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the absence of binocular perspective in painting does 
decrease the effectiveness of the illusion very markedly. 
For this reason a painting is a more successful illu- 
sion when viewed with one eye than with two eyes. 
Of course, in one of nature's scenes the converse is 
true because when viewing it with both eyes all the 
forms of perspective cooperate to the final end — 
the true impression of three dimensions. 

The painter may ixnitate the light and shade of 
solid forms and thereby apparently model them. In 
this respect a remarkable illusion of solid form or of 
depth may be obtained. For example, a painted col- 
umn may be made to appear circular in cross-section 
or a circle when properly shaded will appear to be a 
sphere. Both of these, of course, are pure illusions. 
Some stage paintings are remarkable illusions of 
depth, and their success depends chiefly upon linear 
perspective and shadows. However, the illusion which 
was so complete at a distance quite disappears at 
close range. 

The inadequate range of brightnesses or values 
obtainable by means of pigments has already been 
discussed. The sky in a landscape may be thousands 
of times brighter than a deep shadow or a hole in the 
ground. A cumulus cloud in the sky may be a hundred 
thousand times brighter than the deepest shadow. 
However, the artist must represent a landscape by 
means of a palette whose white is only about thirty 
times brighter than its black. If the sun is considered 
we may have in a landscape a range of brightness 
represented by millions. 

This illustrates the pitiable weakness of pigments 
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alone as representative media. Will not light trans^ 
mitted through media some day be utilized to over- 
come this inherent handicap of reflecting media? To 
what extent is the success of stained glass windows 
due to a lessening of this handicap? The range of 
brightness in this case may be represented by a black 
(non-transmitting) portion to the brightness of the 
background (artificial or sky) as seen through an 
area of clear glass. Transparencies have an inherent 
advantage over ordinary paintings in this respect 
and many effective results may be obtained with them 
even in photography. 

It is interesting to study the effect of greatly in- 
creasing the range of values or brightnesses in paint- 
ings by utilizing non-uniform distributions of light 
Let us take a given landscape painting. If a light- 
source be so placed that it is close to the brighter 
areas (perhaps clouds and sky near the sun) it will 
illuminate this brighter portion several times more 
intensely than the more distant darker portions of 
the picture (foreground of trees, underbrush, deep 
shadows, etc.). The addition to the effectiveness of 
the illusion is quite perceptible. This effect of non- 
uniform lighting may be carried to the extreme for 
a painting by making a positive lantern-slide (rather 
contrasty) of the painting and projecting this slide 
upon the painting in accurate superposition. Now if 
the painting is illuminated solely by the ^Uantem- 
slide " the range of contrast or brightness will be 
enormously increased. The lightest portions of the 
picture will now be illuminated by light passing through 
the almost totally transparent portions of the slide 
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and the darkest portions by light greatly reduced by 
passing through the nearly opaque portions of the slide. 
The original range of contrast in the painting, per- 
haps twenty to one, is now increased perhaps to more 
than a thousand to one. This demonstration will be 
surprising to anyone and will emphasize a very im- 
portant point to the painter. 

The painter has at his disposal all the scientific 
facts of light, color, and vision. Many of these have 
been presented elsewhere,' and those pertaining to 
illusions have been discussed in preceding chapters. 
These need not be repeated here excepting a few 
for the purpose of reminding the reader of the wealth 
of material available to the painter and decorator. 
Many tricks may be interjected into the foreground 
for their effect upon the background and vice versa. 
For example, a branch of a tree drooping in the fore- 
ground apparently close to the observer, if done well, 
will give a remarkable depth to a painting. Modeling 
of form may be effected to some extent by a judicious 
use of the ^^ retiring " and ^^ advancing " colors. This 
is one way to obtain the illusion of depth. 

After-images play many subtle parts in painting. 
For example, in a painting where a gray-blue sky 
meets the horizon of a blue-green body of water, the 
involuntary eye-movements may produce a pinkish 
line just above the horizon. This is the after-image 
of the blue-green water creeping upward by eye- 
movements. Many vivid illusions of this character 
may be deliberately obtained by the artist. Some 
of the peculiar restless effects obtained in impres- 
sionistic painting (stippling of small areas with rela- 
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tively pure hues) are due to contrasts and after- 
images. 

A painting came to the author's notice in which 
several after-images of the sun, besides the image 
of the sun itself, were disposed in various positions. 
Their colors varied in the same manner as the after- 
image of the sun. Doubtless the painter strove to 
give the impression which one has on gazing at the 
sun. Whether or not this attempt was successful 
does not matter but it was gratifying to see the attempt 
made. 

There are many interesting effects obtainable by 
judicious experimentation. For example, if a gray 
medium be sprayed upon a landscape in such a manner 
that the material dries in a very rough or diffusing 
surface some remarkable effects of fog and haze 
may be produced. While experimenting in this 
manner a very finely etched clear glass was placed 
over a landscape and the combined effect of dif- 
fusely reflected light and of the slight blurring was 
remarkable. By separating the etched glass from 
the painting a slight distance, a very good inutation 
^^ porcelain" was produced. The optical properties 
of varnishes vary and their effect varies considerably, 
depending upon the mode of application. These and 
many other details are available to the painter and 
decorator. An interesting example among many is 
a cellulose lacquer dyed with an ordinary yellow dye. 
The solution appears yellow by transmitted light 
or it will color a surface yellow. By spraying this 
solution on a metallic object such as a nickel-plated 
piece, in a manner that leaves the medium rough 
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or diffusing, the effect is no longer merely a yellow 
but a remarkable lustre resembling gilt. Quite in 
the same manner many effects of richness, depth 
of color, haziness, etc., are obtainable by the artist 
who is striving to produce a great illusion. 

All the means for success which the painter pos- 
sesses are also available to the decorator; however, 
the latter may utilize some of the illusions of line, 
form, irradiation, etc., which the architect encounters. 
The decorator's field may be considered to include 
almost all of the painter's and much of the architect's. 
This being the case, little space will be given to this 
phase of the subject because painting and architecture 
are separately treated. The decorator should begin 
to realize more fully the great potentiality of lighting 
in creating moods or in giving expression to an in- 
terior. The psychology of light and the use of lighting 
as a mode of expression have barely been drawn 
upon by the decorator. Lighting has already been 
discussed so it will be passed by at this point. 

The practice of hanging pictures on walls which 
are brilliantly colored is open to criticism. There 
are galleries in existence where paintings are hung 
on brilliant green or rose walls. The changes in the 
appearance of the object due to these highly colored 
environments are easily demonstrated by viewing 
a piece of white paper pinned upon the wall. On the 
green wall, the white paper appears pinkish; on the 
rose wall, it appears bluish or greenish. A portrait 
or a picture in which there are areas of white or delicate 
tints is subject to considerable distortions in the 
appearance of its colors. Similarly, if a woman must 
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have a colored background^ it is well to choose one 
which will induce the more desirable tints in her ap- 
pearance. The designer of gowns certainly must 
recognize these illusions of color which may be desir- 
able or undesirable. 

The lighting of a picture has already been men- 
tioned, but the discussion was confined solely to 
distribution of light. The quality of the light (its 
spectral character) may have an enormous influence 
upon the painting. In fact with the same painting 
many illusions may be produced by lighting. In 
general, paintings are painted in daylight and they 
are not the same in appearance under ordinary arti- 
ficial light. For this reason the artist is usually entitled 
to the preservation of the illusion as he completed 
it. By using artificial daylight which has been avail- 
able for some years, the painting appears as the 
artist gave it his last touch. Of course, it is quite 
legitimate to vary the quality of light in case the 
owner desires to do so, but the purpose here is to 
emphasize the fact that the quality of light is a power- 
ful influence upon the appearance of the painting. 
The influence is not generally enough recognized and 
its magnitude is appreciated by relatively few persons. 

All other considerations aside, a painting is best 
hung upon a colorless background and black velvet 
for this purpose yields remarkable results. Gray 
velvet is better, when the appearance of the room is 
taken into consideration, as it must be. However, 
the influence of dark surroundings toward enhancing 
the illusion is well worth recognizing. In the case of 
a special picture or a special occasion, a painting may 
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be exhibited in a booth — a huge shadow-box not 
unlike a show-window in which the light-sources are 
concealed. Such experiments yield many interesting 
data pertaining to the illusions which the painter 
strives to obtain. 

Incidentally on viewing some picture frames in 
which the grain of the wood was noticeable, the frames 




Fig. 8S. — niuBtratiiiK tha ipptmit diBtoillon of a pfetnre frame In which 
the fnia of the vood is visible. 



did not appear to be strictly rectangular. The Olusions 
were so strong that only by measuring the frames 
could one be convinced that they were truly rect- 
angular and possessed straight sides. Two of these 
are represented in Figs. 82 and 83. In the fonner, 
the horizontal sides appear bent upward in the middle 
and the two vertical sides appear bowed toward the 
right In Fig. 83, the frame appears considerably 
narrower at the left end than at the right Both these 
frames were represented in the original drawings 
by true rectangles. 
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Many illusions are to be seen in furniture and 
in other woodwork in which the grain is conspicuous. 
This appears to the author to be an objection in general 
to this kind of finish. In Fig. 84 there is reproduced 
a photograph of the end of a board which was plane 
or straight notwithstanding its warped, or bowed, 
appearance. The original photographs were placed 



Fig. 8S. — Another ezunple dmflar to Fig. 83. 

SO as to be related as shown in the figure. Various 
degrees of the illusion are evident. The reader will 
perhaps find it necessary to convince himself of the 
straig^tness of the horizontal edges by applying a 
strait edge. These are examples of the same 
illusion as shown in Figs. 37 to 40. 

Perhaps a brief statement regarding the modem 
isms in art may be of interest. In considering some 
of the extreme examples, we must revise our idea that 
art is or should be always beautiful. The many 
definitions of art would lead us too far afield to dis- 
cuss them here but in its most extended and popular 
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ng. M. — From actual ^lotograplu of tti* end-grain of a board. 
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sense, art may be considered to mean everything 
which we distinguish from nature. Certainly art need 
not be beautifuli although it does seem that the world 
would welcome the beautiful and would get along 
contentedly without art that is ugly or repulsive. 
The modem isms must be viewed with consideration, 
for there are many impostors concealing their inabili- 
ties by flocking to these less understood fields. How- 
ever, there are many sincere workers — research 
artists — in the modem isms and their works may 
best be described at present as experiments in the 
psychology of light, shade, and color. They have 
cast aside or reduced in importance some of the 
more familiar components such as realism and are 
striving more deeply to utilize the psychology of light 
and color. Some of them admit that they strive to 
paint through child's eyes and mind^ — free from 
experience, prejudice, and inutation. These need 
all the scientific knowledge which is available — and 
maybe more. 

In closing this chapter, it appears necessary to 
remind the artist and others that it is far from the 
author's intention to subordinate the artist's sensi- 
bility to the scientific facts or tools. Art cannot be 
manufactured by means of formulae. This would 
not be true if we knew a great deal more than we do 
pertaining to the science of light, color, and vision. 
The artist's fine sensibility will alwa]rs be the domi- 
nating necessity in the production of art. He must 
possess the ability to compose exquisitely; he must 
be able to look at nature through a special tempera- 
ment; he must be gifted in eye and in hand; he 
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must be master of unusual visual and intellectual 
processes. But knowledge will aid him as well as 
those in other activities. A superior acquaintance 
with scientific facts lifted past masters above their 
fellows and what helped Leonardo da Vinci, Rem- 
brandt, Velasquez, Turner, Claude, Monet, and other 
masters will help artists of today. What would not 
those past masters have accomplished if they had 
available in their time the greater knowledge of the 
present! 
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ARCHITECTURE 

MANY illusions are found in architecture and, 
strangely enough, many of these were recog- 
nized long before painting developed beyond 
its primitive stages. The architecture of classic 
Greece displays a highly developed knowledge of 
many geometrical illusions and the architects of 
those far-off centuries carefully worked out details 
for counteracting them. Drawings reveal many il- 
lusions to the architect, but many are not predicted 
by them. The ever-changing relations of lines and 
forms in architecture as we vary our viewpoint in- 
troduce many illusions which may appear and dis- 
appear. No view of a group of buildings or of the 
components of a single structure can be free from 
optical illusions. We never see in the reality the 
same relations of lines, forms, colors, and bright- 
nesses as indicated by the drawings or blue-prints. 
Perhaps this is one of the best reasons for justifying 
the construction of expensive models of our more 
pretentious structures. 

No detailed account of the many architectural 
illusions will be attempted, for it is easy for the reader 
to see many of the possibilities suggested by preceding 
chapters. However, a few will be touched upon to 
reveal the magnitude of the illusory effect and to 
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aid the observer in looking for or recognizing them, 
or purely for historical interest In architecture the 
eye cannot be wholly satisfied by such tools as the 
level, the square, and the plumb-line. The eye is 
satisfied only when the appearance is satisfactory. 
For the purpose of showing the extent of certain archi- 
tectural illusions, the compensatory measures ap- 
plied by the Greeks are excellent examples. These 
also reveal the remarkable application of science 
to architecture as compared with the scanty applica- 
tion in painting of the same period. 

During the best period of Grecian art many refine- 
ments were applied in order to correct optical illu- 
sions. It would be interesting to know to what extent 
the magnitude of the illusions as they appeared to 
many persons were actually studied. The Parthe- 
non of Athens affords an excellent example of the 
magnitude of the corrections which the designer 
thought necessary in order to satisfy the eye. The 
long lines of the architrave — the beam which sur- 
mounts the coltmms or extends from column to column 
— would appear to sag if it were actually straight. 
This is also true of the stylobate, or substructure 
of a colonnade, and of pediments and other features. 
These lines were often convex instead of being straight 
as the eye desires to see them. 

In the Parthenon, the stylobate has an upward 
curvature of more than four inches on the sides of 
the edifice and of more than two and a half inches 
on the east and west fronts. Vertical features were 
made to incline inward in order to correct the com- 
mon appearance of leaning outward at the top. In 
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the Parthenon, the axes of the columns are not vertical, 
but they are inclined inward nearly three inches. 
They are said also to be inclined toward each other 
to such a degree that they would meet at an altitude 
of one mile above the ground. The eleven-foot frieze 
and architrave is inclined inward about one and 
one-half inches. 

In Fig. 85, a represents the front of a temple as 
it should appear; b represents its appearance (ex- 
aggerated) if it were actually built like a without 
compensations for optical illusions; c represents it as 
built and showing the physical corrections (exagger- 
ated) in order that it may appear to the eye as a does. 

Tall columns if they are actually straight are likely 
to appear somewhat shrunken in the middle; there- 
fore they are sometimes made slightly swollen in 
order to appear straight. This outward curvature of 
the profile is termed an entasis and in the Parthenon 
column, which is thirty-four feet in height, amounted 
to about three-fourths of an inch. In some early 
Grecian works, it is said that this correction was over- 
done but that its omission entirely is quite unsatis- 
factory. Some authorities appear to believe that 
an excellent compromise is found in the Parthenon 
columns. 

One of the conditions which is responsible for 
certain illusions and has been compensated for on 
occasions is represented in Fig. 86. On the left are 
a series of squares of equal size placed in a vertical 
row. If these are large so that they might represent 
stories in a building they will appear to decrease in 
size from the bottom upward, because of the decreas- 
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Fig. 85. — Exaggerated illttsions in archttecture. 
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ing projection at the eye. This is obvious if the eye 
is considered to be at the point where the inclined 
lines meet. In order to compensate for the variation 
in visual angle, there must be a series of rectangles 
increasing considerably in height toward the top. The 
correction is shown in the illustration. It is stated 




Fig. 86. — nioBtratiiig the influence of visual angle upon ai»parent 

▼ertical height. 



that an inscription on an ancient temple was written 
in letters arranged vertically, and in order to make 
them appear of equal size they were actually in- 
creased in size toward the top according to the law 
represented in Fig. 86. Obviously a given correction 
would be correct only for one distance in a given 
plane. 

In Chapter Vm the phenomenon of irradiation 
was discussed and various examples were presented. 
It exerts its influence in the arts as elsewhere. Col- 
umns viewed against a background of white sky 
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ai^eai of smaller diameter than when they are viewed 
against a dark background. This is illustrated in- 
Fig. 87 where the white and the black columns are 
sui^iosed to be equal in diameter. 

The careful observer will find ntmiberless optical 
illusions and occasional^ he will recognize an at- 
tempt on tiie part of the architect to apply an illusory 
effect to his advantage. In Fig. 88 some commonplace 
illusions are presented, not for what they are worth, 



Tig. ST. — Imdiatkia in tichitectnre. 

but to suggest how prevalent they may be. Where 
ibe pole or coliunn intersects the arches or circle, 
there is an apparent change in the direction of the 
curved lines. The different types of arches show 
different degrees of the illusion. It may be of in- 
terest for the reader to refer to preceding chapters 
and to ascertain what types of illusions are involved. 

If a high wall ends in a series of long horizontal 
steps at a slightly inclined sidewalk, the steps are 
not likely to appear horizontal. 

Some remarkable illusions of depth or of solid 
form are given to flat surfaces when snow is driven 
against them so as to adhere in decreasing amoimts 
similar to shading. 

A suggestion of augmented height may be given 
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to a low tower by decreasing the size of its successive 
pCMtions more rapidly tlian demanded by perspective 
alone. The same principal can be applied in many 
ways. For example, hi Fig. 89 the roof appears quite 
extensive when viewed so that the end-walls of the 
structure are not seen. Such illusions find appUcations 
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Fig. 88. — Soms Bimplft gMifiaWcKl-optical Ulodons in uchitsctiire. 

in the moving-picture studio where extensive interiors, 
great fortresses, and even villages must be erected 
within small areas. Incidentally the camera aids to 
create the illusion of magnitude in phot<^aphs 
because it usually magnifies perspective, thereby 
causing scenes to appear more extensive in the photo- 
graphs tiian in the reaUty. 

Balance in architecture is subject to illusions and 
might be considered an illusion itself. For example, 
our judgment of balance is based largely upon mechan- 
ical laws. A composition must appear to be stable; 
tiiat is, a la^e component such as a tower must not 
be situated too far from what we take as a center of 
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gravity, to. appear capable of tipping the remainder 
of the structure. In physics we would apply the term 
" moment." Each mass may be multiplied by its dis- 
tance from the center of gravity, thus determining 
its moment For a building or other composition to 
appear stable the sum of these moments must be 



Fig. 8g. — By (tocTMtaliig the expoMd lengtii of tbingln towaid tli» top 
« ETMtor apparMit «rp«aM is obtsined. 

zero; that is, those tending to turn the figure in one 
direction must be counterbalanced by those tending 
to turn it in another direction. In appraising a com- 
position, our intellect summates the effects of different 
parts somewhat in this manner and if satisfactory, 
balance is considered to have been attained. The 
colors of the various components exert an influence 
in this respect, so it is seen that illusions may have 
much to do with the satisfactoriness of architectural 
compositions. 
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Various illusions of height^ of ceiling, composed- 
nesSi etc.| may be obtained by the color of the ceiling. 
A dark cornice in an interior may appear to be un- 
supported if the walls below are light in color, without 
any apparent vertical supports for the cornice. We 
are then subjected to the illusion of instability or 
incongruity. Dark beams of ceilings are not so ob- 
trusive because our intellect tells us that they are 
supports passing over the top of the walls and are 
therefore able to support themselves. Color and 
brightness in such cases are very important. 

The architectural details on exteriors evolved 
under daylighting outdoors so that their form has 
been determined by the shadows desired. The 
architect leads his lights and shadows around the 
building modeling it as he desires. An offset here 
and a depression there models the exterior in light 
and shade. The forms must be powerful enough to 
resist the obliterating effect of overcast skies but 
notwithstanding all precautions the expression of an 
exterior varies considerably with nature's lighting. 
Indoors the architect has a powerful controllable 
medium in artificial light which he may draw upon 
for producing various expressions or moods in rooms. 
The effect of shadows is interesting when viewing 
some structures flood-lighted at night. In those 
cases where the light is directed upward there is a 
reversal of shadows which is sometimes very un- 
satisfactory. 

It is interesting to experiment with various 
ornamental objects lighted from various directions. 
For example, a Corinthian capital lighted from below 
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may produce an unpleasant unpression upon the 
observer. We do not like to have the dominant light 
from below, perhaps because it is annoying to the eyes. 
Possibly this is an instinct acquired by experience 
in snow-fields or on the desert, or it may be a heritage 
of ancestral experience gained under these glaring 
conditions. This dislike manifests itself when we 
appraise shadow-effects and therefore our final im- 
pression is tempered by it. 

All sculptured objects depend for their appearance 
upon the lighting, and they are greatly influenced by 
it. In sculpture, in a strict sense, illusions play a 
lesser part than in other arts. Perhaps in those of 
very large proportions various corrections have been 
applied. A minor detail of interest is the small cavity 
in the eye, corresponding to a reversed cornea. This 
depression catches a shadow which gives considerable 
expression to the eye. 



XIV 
MIRROR MAGIC 

STRICTLY speaking there are fewer illusions 
found in the practice of the magician than is 
generally supposed; that is, the eye usually 
delivers correctly to the intellect, but the judgment 
errs for various reasons. The ** illusion " is due to 
false asstmiptions, to the distracting words, to unduly 
accented superfluous movements of the magician; or 
in general to downright trickery. Much of the ma- 
gician's success is due to glibness of tongue and 
deftness of fingers, but many of the more notable 
** tricks '^ were those involving the use of mirrors and 
the control of light. Black curtains, blackened as- 
sistants, and controlled light have played prominent 
parts in the older magic, but the principles of these 
are easily understood. However, the mirror perhaps 
has done more to astound the audience than any other 
device employed by the magician. For this reason, 
and because its effects are conmionly termed illusions, 
some representative examples will be presented. 

In a previous chapter attention was called to the 
simple but usually overlooked fact that, for example, 
the image of a face in a mirror is reversed as to right 
and left. When this fact is overlooked we may be 
astonished at the changed expression of an intimate 
friend as we view the face (reversed) in the mirror. 

206 
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Similarly our own features are reversed as to right 
and left and we are acquainted with this reversed 
image rather than the appearance of our face as it 
is. Inasmuch as faces are not accurately symmetrical 
and many are quite unsymmetrical the effects of the 
mirror are sometimes startling. It might be of in- 
terest for the reader to study his face in the mirror 
and note that the right ear is the left ear of the image 
which he sees. He will also find it of interest to com- 
pare the face of a friend as viewed directly with the 
appearance of its image in the mirror. If he desires 
to see himself as others see him, he can arrange 
two mirrors vertically almost at a right-angle. By a 
little research he will find an image of his own face, 
which is not reversed; that is, an image whose right 
ear is really his right ear. 

A famous ** illusion " which astounded audiences 
was the sphinx illustrated in Fig. 90. The box was 
placed upon a table and when opened there was 
revealed a Sphinxian head, but why it was called a 
Sphinx is clothed in mystery because upon some oc- 
casions it talked. As a matter of fact it belonged to 
a body which extended downward from the table-top 
and this kneeling human being was concealed from 
the audience by two very clean plate-glass mirrors 
M shown in the accompanying diagram. The table 
actually appeared to have three legs but the audience 
if it noticed this at all asstmied the fourth leg was 
obscured by the foremost leg. The walls, floor, and 
ceiling of the box-like recess in which the table was 
placed were covered with the same material. It is 
seen by the diagram that the mirrors M reflected 
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images of the side walls W and these images were 
taken by the audience to be portions of the rear wall 
W. Thus the table appeared to be open underneath 
and the possibilities of the apparatus are evident. 
The magician with a fine flow of language could 
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ig. 90. — An example of a ^'mirror*' Ulusioii. 



dwell at length upon the coming to life of the head 
of an ancient statue which he had in the box in his 
hand. Walking to the table he could place the box 
over a trap-door and by the time he had unlatched 
the door of the box, the assistant kneeling under the 
table could have his head thrust upward through the 
trap-door of the table-top into the box. After a few 
impressive words, supposed to be Hindoo but in reality 
were Hoodoo, presto 1 and the Sphinx was revealed. 
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It conversed after a period of silence extending back 
to the days of Rameses when a wrathful god con- 
demned an unfortunate king to inotprisonment in the 
stone statue. The original trick awed audiences for 
many nights and defied explanation until one night 
a keen observer noted finger-prints on what proved 
to be a mirror. Doubtless a careless accomplice lost 
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Fig. 91. — Another example of "minor magic." 



his job, but the damage had been done, for the trick 
was revealed. This *^ illusion " is so effective that 
it, or variations of it, are still in use. 

Another simple case is illustrated in Fig. 91. A 
large plate-glass mirror M was placed at an angle of 
approximately 46 degrees from the floor. Through a 
hole in it an assistant's head and shoulders projected 
and the edge of the opening was covered with a draped 
cloth. The audience saw the image of the ceiling C 
of the alcove reflected by the mirror but being ig- 
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norant of the presence of the mirror, asstuned this 
image to be the rear wall. This trick was effective 
for many years. Obviously the mirrors must be 
spotlessly clean and the illununations of the walls, 
ceiling, and in some cases, the floor must be very 
uniform. Furthermore, no large conspicuous pattern 
could be used for lining the box-like recess. 
. The foregoing examples illustrate the principles 
involved in the appearance of ghosts on the stage 
and of a skeleton or other gruesome object in place 
of a htmian being. The possibilities of mirrors in 
such fields are endless and they can be studied on a 
small scale by anyone interested. The pseudoscope 
which produces effects opposite to those of the stereo- 
scope is an interesting device. 

The foregoing is the faintest glimpse of the use 
of the mirror, but it does not appear advisable to dwell 
further upon its use, for after all the results are not 
visual illusions in the sense of the term as usually 
employed throughout this book. 



XV 
CAMOUFLAGE 

ILLUSIONS played many roles in the science and 
art of deception during the World War, but they 

served most prominently in the later stages of 
the war upon the sea. Inasmuch as the story of the 
science of camouflage is not generally available, it 
appears worth while to present it briefly. Besides 
being of interest, it will reveal to the reader the part 
that the science of light, color, lighting, and vision 
played in deception. Furthermore, the reader will 
sense the ntmiberless illusions which are woven into 
camouflage as developed in nature, and in htmian 
activities. The word camouflage by origin does not 
include all kinds of deception; however, by exten- 
sion it may and will here signify almost the entire 
art and science of deception as found in nature and 
as practiced in the World War. 

Terrestrial Camouflage. — Camouflage is an art 
which is the natural outgrowth of our instinct for con- 
cealment and deception when pitting our wits against 
those of a crafty prey or enemy. It is an art older 
than the human race, for its beginnings may be traced 
back to the obsctuity of the early ages of the evolution 
of animal life. The name was coined by the French to 
apply to a definite art which developed during the Great 
War to a high state, as many other arts developed 
by drawing deeply upon the resources of scientific 
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knowledge. With the introduction of this specific 
word to cover a vast field of activity in scientifically 
concealing and deceiving^ many are led to believe 
that this is a new art, but such is not the case. How- 
ever, like many other arts, such as that of flying, the 
exigencies of modem warfare have provided an impetus 
which has resulted in a highly developed art. 

Scientists have recognized for many years, and 
perhaps more or less vaguely for centuries, that 
Nature exhibits wonderful examples of concealment 
and deception. The survival of the fittest, as Darwin 
expressed his doctrine, included those individuals 
of a species who were best fitted by their markings 
and perhaps by peculiar habits to survive in the en- 
vironment in which they lived. Naturally, markings, 
habits, and environment became more and more 
adapted to each other until the species became in 
equilibrium with Nature sufficiently to insure its per- 
petuity. If we look about us upon animal life we see 
on every hand examples of concealing coloration and 
attitudes designed to deceive the prey or enemy. 
The rabbit is mottled because Nature's infinite variety 
of highlights, shadows, and hues demand variety in 
the markings of an animal if the latter is to be se- 
curely hidden. Solid color does not exist in Nature's 
landscapes in large areas. The rabbit is lighter 
underneath to compensate for the lower intensity of 
illumination received on these portions. As winter 
approaches, animals in rigorous climates need warmer 
coats, and the hairs grow longer. In many cases the 
color of the hairs changes to gray or white, providing 
a better coating for the winter environment. 
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Animals are knovn to minijc inaniinate objects 
for the sake of safety. For example, the bittern will 
stand rigid with its bill pointed skyward for many 
minutes if it suspects an enemy. Non-poisonous 
snakes resemble poisonous ones in general charac- 
teristics and get along in the world on the reputation 
of their harmful relatives. The drone-bee has no 
sting, but to the casual observer it is a bee and bees 
generally sting. Some flnimals have very contrasting 
patterns which are conspicuous in shape, yet these 
very features disguise the fact that they are annuals. 
Close observation of fishes in tiieir natural environ- 
ment provides striking examples of concealing colora- 
tion. Vast works have been written on this subject 
by scientists, so it will only be touched upon here. 

There are many examples of " mobile " camouflage 
to be found in Nature. Seasonal changes have been 
cited in a foregoing paragraph. The chameleon changes 
its color firom moment to moment. The flounder 
changes its color and pattern to suit its environment. 
It will even strive to imitate a black and white checker- 
board. 

In looking at a bird, animal, insect, or other living 
thing it is necessary to place it in its natural environ- 
ment at least ui the imagination, before analyzing its 
coloration. For example, a male mallard duck hanging 
in the market is a very gaudy object, but place it in 
the pond among the weeds, the green leaves, the 
hi^^ilig^ts, and the shadows, and it is surprisu^ly 
inconspicuous. The zebra in the zoo appears to be 
marked for tiie purpose of heralding its presence 
anywhere in the range of vision, but in its reedy, bushy, 
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grassy environment it is sufficiently inconspicuous 
for the species to survive in Nature's continuous 
warfare. 

Thus studies of Nature reveal the importance of 
general hue, the necessity for broken color or pattern, 
the fact that black spots simulate shadows or voids, 
the compensation for lower illumination by cotmter- 
shading, and many other facts. The artist has aided 
in the development of camouflage, but the definite 
and working basis of all branches of camouflage are 
the laws and facts of light, color, and vision as the 
scientist knows them. 

Just as lower animal life has tmconsciously sur- 
vived or evolved by being fitted to do so, mankind 
has consciously, or at least instinctively, applied 
camouflage of various kinds to fool his prey or his 
enemy. Many of us in htmting ducks have concealed 
the bow of our sneak-boat with mud and weeds, or in 
the season of floating ice, with a white cloth. In 
our quest of water fowl we use decoys and grass suits. 
The Esquimau stalks his game behind a piece of ice. 
In fact, on every hand we find evidences of this natural 
instinct. The Indian painted his face and body in a 
variety of colors and patterns. Did he do this merely 
to be hideous? It seems very possible that the same 
instinct which made him the supreme master of wood- 
craft caused him to reap some of the advantages of 
concealment due to the painting of his face and body. 

In past wars there is plenty of evidence that con- 
cealment and deception were practiced to the full 
extent justifiable by the advantages or necessity. In 
the World War the advent of the airplane placed the 
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third dimension in reconnaissance and called for the 
application of science in the greatly extended necessity 
for concealment and deception. With the advent of 
the airplane, aerial photography became a more im-* 
portant factor than visual observation in much of the 
reconnaissance. This necessitated that camouflage 
in order to be successful had to meet the requirements 
of the photographic eye, as well as that of the human 
eye. In other words, the special characteristics of the 
colors used had to be similar to those of Nature's 
colors. For example, chlorophyl, the green coloring 
matter of vegetation, is a peculiar green as compared 
with green pigments. When examined with a spectro- 
scope it is seen to reflect a band of deep red light not 
reflected by ordinary pigments. In considering this 
aspect it is well to bear in mind that the eye is a syn- 
thetic apparatus; that is does not analyze color in a 
spectral sense. An artist who views color subjectively 
and is rarely familiar with the spectral basis may 
match a green leaf perfectly with a mixture of pig- 
ments. A photographic plate, a visual filter, or a 
spectroscope will reveal a difference which the un- 
aided eye does not. 

Some time before the Great War began, it oc- 
curred to the writer that colored filters could be 
utilized in aiding vision by increasing the contrast 
of the object to be viewed against its surroundings.* 
Studies were made of various filters, made with the 
object of the experiment in mind, in viewing the uni- 
forms of various armies. Further developments were 
made by applying the same principles to colored lights 
and painted pictures. Many of these have been 
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described elsewhere. With the development of the 
science of camouflagei filters came into use for the 
detection of camouflage. As a result of the demand 
for avoiding detection by photographic plates and by 
various colored filters, some paints provided for the 
camoufleur were developed according to the spectral 
requirements. Many other applications of science 
were developed so that camouflage can now be called 
an art based upon sotmd scientific principles. 

Natural lighting is so variable that it is often 
impossible to provide camouflage which will remain 
satisfactory from day to day; therefore, a broad] knowl- 
edge of Nature's lighting is necessary in order to 
provide the best compromise. There are two sources 
of light in the daytime, namely, the sim and the sky. 
The relative amotmts of light contributed by these 
two sources is continually changing. The sky on 
cloudless days contributes from one-tenth to one- 
third of the total light received by a horizontal surface 
at noon. Light from the sky and light reflected from 
the surrotmdings illuminate the shadows. These 
shadows are different in color than highlights, al- 
though these finer distinctions may be ignored in 
most camouflage because color becomes less con- 
spicuous as the distance of observation increases. In 
general, the distribution of brightness or light 
and shade is the most important aspect to be con- 
sidered. 

The camoufleur worries over shadows more than 
any other aspect generally. On overcast days camou- 
flage is generally much more successful than on stmny 
days. Obviously, cotmter-shading is resorted to in 
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order to elixninate shadows, and where this is uxisuc- 
cessful confusion is resorted to by nmiritig more 
shadows. The shape and orientation of a building is 
very important to those charged with the problem of 
rendering it inconspicuous to the enemy, but little 
attention has been paid to these aspects. For ex- 
ample, a hangar pamted a very satisfactory dull green 
will be distinguishable by its shape as indicated by 
its shadow and shaded sides. In this zone a hangar, 
for example, would be more readily concealed if its 
length lay north and south. Its sides could be brought 
with a gradual curve to the ground and its rear, which 
is during most of the day in shadow, could be effectively 
treated to conceal the shadow. A little thought will 
convince the reader of the importance of shape and 
orientation. 

Broken color or pattern is another fundamental 
of camouflage which, of course, must be adapted to 
its environment. For our trucks, cannon, and many 
other implements of war, dark green, yellow, dark 
blue, light gray, and other colors have been used in 
a jumble of large patterns. A final refinement is that 
of the blending of these colors at a distance, where 
the eye no longer resolves the individual patches, 
to a color which simulates the general hue of the sur- 
roimdings. For example, red and green patches at 
a distance blend to yellow; yellow and blue patches 
blend to a neutral gray if suitably balanced, but if not, 
to a yellow-gray or a blue-gray; red, green, and blue 
if properly balanced will blend to a gray; black, 
white and green patches will blend to a green shade, 
and so on. These facts are simple to those who are 
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familiar with the science of light and colori but the 
artisti whose knowledge is based upon the mixture 
of pigments, sometimes errs in considering this aspect 
of color-blending by distance. For example, it is not 
uncommon for him to state that at a distance yellow 
and blue patches blend to make green, but the addi- 
tion of lights or of juxtaposed colors is quite different 
in result from the addition of pigments by intimately 
mixing them. 

In constructing such a pattern of various colors it 
is also desirable to have the final mean brightness 
approximate that of the general surroundings. This 
problem can be solved by means of the photometer 
and a formula provided, which states, for example, 
that a certain percentage of the total area be painted 
in gray, another percentage in green, and so on. The 
photometer has played an important role in establish- 
ing the scientific basis of camouflage. The size of the 
pattern must be governed by the distance at which 
it is to be viewed, for obviously if too small the effect 
is that of solid color, and if too large it will render the 
object conspicuous, which is a disadvantage ranking 
next to recognizable. 

Where the artist is concerned with a background 
which does not include the sky, that is, where he 
deals only with Uluminated objects on the earth, 
his trained eye is valuable provided the colors used 
meet the demands made by photographic plates and 
visual color-filters. In other words, the sky as a back- 
ground gives trouble to all who are unfamiliar with 
scientific measurements. The brightnesses of sky 
and clouds are outside the scale of brightnesses ordi- 



218 VISUAL ILLUSIONS 



narily encountered in a landscape. Many interesting 
instances of the artist's mistakes in dealing with these 
backgrounds could be presented; howeveri the artist's 
trained eye has been a great aid in constructing 
patterns and various other types of camouflage. 
One of the most conspicuous aspects of the earth's 
surface is its texture. From great heights it appears 
flat, that iSy rolling land is ironed out and the general 
contour of the grotmd is flattened. However, the 
element of texture always remains. This is the chief 
reason for the extensive use of netting on which dyed 
raffia, foliage, pieces of colored cloth, etc., are tied. 
Such network has concealed many guns, headquarters, 
ammunition dumps, communication trenches, road- 
ways, etc. When this has been well done the con- 
cealment is perfect. 

One of the greatest annoyances to the camoufleur 
is the lack of dullness or ** flatness " of the paints, 
fabrics, and some of the other media used. When 
viewed at some angles the glint of highlights due to 
specular reflection renders the work very conspicu- 
ous. For this reason natural foliage or such material 
as dyed raffia has been very successful. 

Systems of network and vertical screens have 
been extensively employed on roadways near the 
front, not for the purpose of concealing from the enemy 
the fact that the roadways exist, but to make it neces- 
sary to shell the entire roadway continually if it is 
hoped to prevent its use. 

Although the camoufleur is provided with a vast 
amount of material for his work, many of his require- 
ments are met by the material at hand. Obviously, 
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the most convenient method of providing conceahnent 
for a given environment is to use the materials of the 
environment HencOi rubbish from ruined buildings 
or villages supplies camouflage for guns, huts, etc., in 
that environment. In woods the material to simulate 
the woods is at hand. Many of these aspeicts are so 
obvious to the reader that space will not be given to 
their consideration. The color of the soil is important, 
for if it is conspicuous the camoufieur must provide 
screens of natural turf. 

In this great game of hocus-pocus many deceptions 
are resorted to. Replicas of large guns and trenches 
are made ; dummy soldiers are used to foil the sniper 
and to make him reveal his location, and papier-mache 
horses, trees, and other objects conceal snipers and 
observers and afford listening posts. Gtmners have 
been dressed in summer in green flowing robes. In 
winter white robes have been utilized. How far away 
from modem warriors are all the usual glitter and 
glamour of military impedimenta in the past parades 
of peace time! The armies now dig in for conceal- 
ment. The artillery is no longer invisible behind 
yonder hill, for the eyes of the aerial observer of the 
camera reveal its position unless camouflaged for 
the third dimension. 

In the foregoing only the highlights of a vast art 
have been viewed, but the art is still vaster, for it 
extends into other fields. Sotmd must sometimes be 
camouflaged and this can only be done by using the 
same medium — sotmd. In these days of scientific 
warfare it is to be expected that the positions of enemy 
guns would be detected by other means than em- 
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ployed in the past. A notable method is the use of 
velocity of sound. Records are made at various 
stations of the firing of a gun and the explosion of the 
shell. By trigonometric laws the position of the gun 
is ascertained. It is said that the Germans fired a 
number of guns simultaneously with the '* 76-mile '' 
gun in order to camouflage its location. The airplane 
and submarine would gladly employ soimd camou- 
fiiage in order to foil the sound detector if practicable 
solutions were proposed. 

The foregoing is a brief statement of some of the 
fundamental principles of land camouflage. Let us 
now briefly consider the eyes of the enemy. Of 
course, much concealment and deception is devised 
to foil the observer who is on the ground and fairly 
close. The procedure is obvious to the average 
imagination; however, the reader may not be ac- 
quainted with the aerial eyes from which conceal- 
ment is very important. As one ascends in an air- 
plane to view a landscape he is impressed with the 
inadequacy of the eyes to observe the vast number 
of details and of the mind to retain them. Field 
glasses cannot be used as satisfactorily in an air- 
plane as on solid groimd, owing to vibration and other 
movements. The difference is not as great in the 
huge flying boats as it is in the ordinary airplane. 
The camera can record many details with higher 
accuracy than the eye. At an altitude of one mile 
the lens can be used at full aperture and thus very 
short exposures are possible. This tends to avoid the 
difiiculty due to vibration. When the plates are de- 
veloped for detail and enlargements are madOi many 
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minute details are distinguishable. Furthermore, ow- 
ing to the fact that the spectral sensibilities of pho- 
tographic emulsions differ from that of the eye, con- 
trasts are brought out which the eye would not see. 
This applies also to camouflage which is devised 
merely to suit the eye. Individual footprints have 
been distinguished on prints made from negatives 
exposed at an altitude of 6000 feet. By means of 
photography, daily records can be made if desired 
and these can be compared. A slight change is readily 
noted by such comparison by skilled interpreters of 
aerial photographs. The disappearance of a tree from 
a clump of trees may arouse suspicion. Sometimes 
a wilted tree has been noted on a photograph which 
naturally attracts attention to this position. It has 
been said that the belligerents resorted to trans- 
planting trees a short distance at a time from day 
to day in order to provide clearance for newly placed 
guns. By paths converging toward a certain point, 
it may be concluded from the photographs that an 
ammunition dump or headquarters is located there 
even though the position itself was well camouflaged. 
Continuous photographic records may reveal dis- 
turbances of turf and lead to a more careful inspection 
of the region for sapping operations, etc. By these 
few details it is obvious that the airplane is responsible 
for much of the development of camouflage on land, 
owing to the necessity which it created for a much 
more extensive concealment. The entire story of 
land camouflage would overflow the confines of a 
volume, but it is hoped that the foregoing will aid 
the reader in visualizing the magnitude of the art and 
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the scientific basis upon which terrestial camouflage 
is founded. 

Marine Camouflage. — At the time of the Spanish- 
American war, our battleships were painted white, 
apparently with little thought of attaining low visi- 
bility. Later the so-called ^' battleship gray " was 
adopted, but it has been apparent to close observers 
that this gray is in general too dark. Apparently it 
is a mixture of black and white. The ships of the 
British navy were at one time painted black, but 
preceding the Great War their coats were of a warm 
dark gray. Germany adopted dark gray before the 
close of the last century and Austria adopted the 
German gray at the outbreak of the war. The French 
and Italian fleets were also painted a warm gray. 
This development toward gray was the result of an 
aim toward attaining low visibility. Other changes 
were necessitated by submarine warfare which will 
be discussed later. 

In the early days of unrestricted submarine war- 
fare many schemes for modifying the appearance 
of vessels were submitted. Many of these were 
merely wild fancies with no established reasoning 
behind them. Here again science came to the rescue 
and through research and consultation, finally straight- 
ened out matters. The question of low visibility for 
vessels could be thoroughly studied on a laboratory 
scale, because the seascape and natural lighting con- 
ditions could be reproduced very closely. Even the 
general weather conditions could be simulated, al- 
though, of cotu^e, the experiments could be prose- 
cuted outdoors with small models, as indeed they 
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were. Mr. L. A. Jones ^^ carried out an investiga- 
tion on the shore of Lake Ontario, and laboratory 
experiments were conducted by others with the 
result that much light was shed on the questions of 
marine camouflage. This work confirmed the con- 
clusion of the author and others that our battleship 
gray was too dark. Of course, the color best adapted 
is that which is the best compromise for the extreme 
variety in lighting and weather conditions. These 
vary in different parts of the world, so naturally those 
in the war zone were of primary importance. All 
camouflage generally must aim to be a compromise 
best suited for average or dominating conditions. 
For example, in foggy weather a certain paint may 
render a ^p of low visibilityi but on a stmny day the 
ship might be plainly visible. However, if ships are 
rendered of low visibility for even a portion of the 
time it is obvious that an advantage has been gained. 
Cloudiness increases generally from the equator 
northward, as indicated by meteorological annals. 

In order to study low visibility a scale of visibility 
must be established, and it is essential to begin with 
the fundamentals of vision. We distinguish objects 
by contrasts in brightness and in color and we recog- 
nize objects by these contrasts which mold their 
forms. In researches in vision it is customary to devise 
methods by which these contrasts can be varied. This 
is done by increasing or decreasing a veil of luminosity 
over the object and its surroundings and by other 
means. Much work has been done in past years in 
studjring the minimum perceptible contrast, and it 
has been found to vary with hue, with the magnitude 
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of brightnessi and with the size of the imagei that is, 
with the distance of an object of given size. In such 
problems as this one much scientific work can be 
drawn upon. A simple, though rough, scale of visi- 
bility may be made by using a series of photographic 
screens of different densities. A photographic screen 
is slightly diffusing, still the object can be viewed 
through it very well. Such methods have been 
employed by various investigators in the study of 
visibility. 

Owing to the curvature of the earth, the distance 
at which a vessel can be seen on a clear day is limited 
by the height of the observer and of the ship's super- 
structure. For an observer in a certain position the 
visibility range varies as the square root of the distance 
of the object from him. Such data are easily avail- 
able, so they will not be given here. So far we have 
considered the ship itself when, as a matter of fact, 
on clear days the smoke cloud emitted by the ship 
is usually visible long before a ship's superstructure 
appears on the horizon. This led to the prevention 
of smoke by better combustion, by using smoke- 
less fuels, etc. 

The irregular skyline of a ship is perhaps one of 
the most influential factors which tend to increase 
its visibility. Many suggestions pertaining to the 
modification of the superstructure have been made, 
but these are generally impracticable. False work 
suffers in heavy seas and high winds. 

After adopting a suitable gray as a ^Uow-visi- 
bility" paint for ships, perhaps the next refinement 
was counter shading ; that is, shadows were painted 
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a lighter color, or even white. The superstructure 
was painted in some cases a light blue, with the hope 
that it would fade into the distant horizon. How- 
everi the effectiveness of the submarine demanded 
new expedients because within its range of effective- 
ness no ingenuity could render its intended prey 
invisible. The effective gun-fire from submarines is 
several miles and torpedoes can be effective at these 
distances. However, the submarine prefers to dis- 
charge the torpedo at ranges within a mile. It is 
obvious that, in average weather, low visibility ceases 
to be very effective against the submarine. The 
movement of a target is of much less importance in 
the case of gun-fire than in the case of the torpedo 
with its relatively low velocity. The submarine 
gunner must have the range, speed, and course of 
the target in order to fire a torpedo with any hope of 
a hit. Therefore, any tmcertainties that could be 
introduced pertaining to these factors would be to 
the advantage of {he submarine's prey. For ex- 
ample, low visibility gave way to confusibility in the 
discussions of defence against the submarine and 
the slogan, ^^ A miss is as good as a mile '' was adopted. 
The foregoing factors cannot be determined ordinarily 
with high accuracy, so that it appeared possible to add 
somewhat to the difficulties of the submarine coni- 
mander. 

Many optical illusions have been devised and 
studied by scientists. In fact, some of these tricks 
are well known to the general reader. Straight lines 
may appear broken, convergent, or divergent by pro- 
viding certain patterns or lines intermingled with 
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them. Many of these were applied to models in 
laboratory experiments and it has been shown ibai 
confusion results as to the course of the vessel. The 
application of tiiese on vessels has resulted in the 
grotesque patterns to be seen on ships during the 
latter stage of the war. It is well known that these 
illusions are most effective when the greatest con- 
trasts are used, hence black and white patterns are 
common. Color has not been utilized as definitely 
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optical Uliuloiis on sbips. 

as pattern in confusibili^, although there is a sec- 
ondary aim of obtaining bw visibility at a great distance 
by properly balancing the black, white, and other 
colors so that a blue-gray results at distances too 
great for the individual patterns to be resolved by the 
eye. Color could be used for the purpose of increasing 
the conclusion by apparently altering the perspective. 
For example, blue and red patterns on the same 
surface do not usuaify appear at the same distance, 
the red ai^earing closer than the blue. 

Such apparently grotesque patterns aimed to dis- 
tort the lines of the ship and to warp the perspective 
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by which the course is estimated. This was the final 
type of marine camouflage at the close of the war. 
Besides relying upon these illusions, ships zigzagged 
on being attacked and aimed in other wa]rs to con- 
fuse the enemy. No general attempt was made to 
disguise the bow, because the bow-wave was gen- 
erally visible. However, attempts have been made 
to increase it apparently and even to provide one at 
the stem. In fact, ingenuity was heavily drawn upon 
and many expedients were tried. 

After low-visibility was abandoned in favor of 
the optical illusion for frustrating the torpedo-attack 
by the submarine, there was a period dtuing which 
merely a mottled pattern was used for vessels. Gradu- 
ally this evolved toward such patterns as shown in 
Fig. 92. In this illustration it is seen that the optical- 
illusion idea has taken definite form. During the 
period of uncertainty as to the course the pattern 
should take, a regularity of pattern was tried, such 
as illustrated in Figs. 93 and 94. Finally, when it 
dawned more or less simultaneously upon various 
scientific men, who were studying the problems of 
protecting vessels upon the seas, that the geometrical- 
optical illusion in its well-known forms was directly 
adaptable, renewed impetus was given to investiga- 
tion. The scientific literature yielded many facts 
but the problems were also studied directly by means 
of models. The latter study is illustrated by Figs. 
96 and 96, the originals having been furnished by 
Mr. E. L. Warner," who among others prosecuted a 
study of the application of illusions to vessels. The 
final results were gratifying, as shown to some extent 
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in Figs. 97 and 98, also kindly furnished by Mr. Warner. 
It is seen that these patterns are really deceiving as 
to the course of the vesseL 

The convoy system is well known to the reader. 
This saved many vessels from destruction. Vessels 
of the same speed were grouped together and steamed 
in flocks across the Atlantic. Anyone who has had 
the extreme pleasure of looking down from an air- 
plane upon these convo]rs led by destroyers and at- 
tended by chasers is strongly impressed with the 
old adage, ^^ In unity there is strength." 

Before the war began, a Brazilian battleship 
launched in this country was provided with a system 
of blue lights for use when near the enemy at night. 
Blue was adopted doubtless for its low range com- 
pared with light of other colors. We know that the 
setting sun is red because the atmospheric dust, 
smoke, and moisture have scattered and absorbed 
the blue and green rays more than the red and yellow 
rays. In other words the penetrating power of the 
red and yellow is greater than that of the blue ra]rs. 
This country made use of this expedient to some 
extent. Of course, all other lights were extinguished 
and portholes were closed in ocean travel dtuing the 
submarine menace. 

Naturally smoke-screens were adopted as a de- 
fensive measure on sea as well as on land. Destroyers 
belch dense smoke from their stacks in order to screen 
battleships. Many types of smoke-boxes have been 
devised or suggested. The smoke from these is 
produced chemically and the apparatus must be 
simple and safe. If a merchantman were attacked 
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by a submarine immediately smoke-boxes would be 
dumped overboard or some which were installed on 
deck would be put into operation and the ship would 
be steered in a zigzag course. These expedients were 
likely to render shell-fire and observations inac- 
curate. This mode of defense is obviously best 
suited to unarmed vessels. In the use of smoke- 
boxes the direction and velocity of the wind must be 
considered. The writer is unacquainted with any 
attempts made to camouflage submarines under water, 
but that this can be done is evident from aerial ob- 
servations. When looking over the water from a 
point not far above it, as on a pier, we are unable to see 
into the water except at points near us where our 
direction of vision is not very oblique to the surface 
of the water. The brightness of the surface of water 
is due to mirrored sky and clouds ordinarily. For a 
perfectly smooth surface of water, the reflection 
factor is 2 per cent for perpendicular incidence. This 
increases only slightly as the obliquity increases to an 
angle of about 60 degrees. From this point the re- 
flection-factor of the surface rapidly increases, be- 
coming 100 per cent at 90 degrees incidence. This 
accounts for the ease with which we can see into the 
water from a position directly overhead and hence 
the airplane has been an effective hunter of sub- 
merged submarines. The depth at which an object 
can be seen in water depends, of course, upon its 
clarity. It may be surprising to many to learn that 
the brightness of water, such as rivers, basrs, and 
oceans, as viewed perpendicularly to its surface, is 
largely due to light diffused within it. This point 
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became strikingly evident during the progress of work 
in aerial photometry. 

A sutmierged submarine may be invisible for two 
reasons: (1) It may be deep enough to be effectively 
veiled by the luminosity of the mass of water above 
it (including the surface brightness) or, (2) It may 
be of the proper brightness and color to simulate the 
brightness and color of the water. It is obvious that 
if it were white it would have to attain concealment 
by submerging deeply. If it were a fairly dark green- 
ish-blue it would be invisible at very small depths. 
In fact, it would be of very low visibility just below 
the surface of the waten By the use of the writer's 
data on hues and reflection-factors of earth and water 
areas it would be easy to camouflage submarines 
effectively from enemies overhead. The visibility 
of submarines is well exemplified by viewing large 
fish such as sharks from airships at low altitudes. 
They appear as miniature submarines dark gray or 
almost black amid greenish-blue surroundings. In- 
cidentally, the color of water varies considerably from 
the dirty yellowish-green of shallow inland waters 
containing much suspended matter to the greenish- 
blue of deep clear ocean waters. The latter as viewed 
vertically are about one-half the brightness of the 
former under the same conditions and are decidedly 
bluer. 

The Visibility of Airplanes. — In the Great War 
the airplane made its debut in warfare and in a short 
time made a wonderful record, yet when hostilities 
ceased aerial camouflage had not been put on a sci- 
basis* No nation had developed this general 
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aspect of camouflage systematically or to an extent 
comparable with the developments on land and sea. 
One of the chief difSiculties was that scientific data 
which were applicable were lacking. During the 
author's activities as Chairman of the Committee on 
Camouflage of the National Research Council he 
completed an extensive investigation ^^ of the funda- 
mentals upon which the attainment of low visibility 
for airplanes must be based. Solutions of the prob- 
lems encountered in rendering airplanes of low visi- 
bility resulted and various recommendations were 
made, but the experiences and data will be drawn 
upon here only in a general way. In this general re- 
view details would consume too much space, for the 
intention has been to present a broad view of the 
subject of camouflage. 

The visibility of airplanes presents some of the 
most interesting problems to be found in the develop- 
ment of the scientific basis for camouflage. The gen- 
eral problem may be subdivided according to the type 
of airplane, its field of operation, and its activity. 
For example, patrol craft which fly low over our own 
lines would primarily be camouflaged for low visibility 
as viewed by enemies above. (See Fig. 99.) High- 
flying craft would be rendered of low visibility as 
viewed primarily by the enemy below. Airplanes 
for night use present other problems and the visibility 
of seaplanes is a distinct problem, owing to the fact 
that the important background is the water, because 
seaplanes are not ordinarily high-flying craft. In 
all these considerations it will be noted that the 
activity of the airplanes is of primaiy importance, 
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because it determines the lines of procedure in ren- 
dering the craft of low visibility. This aspect is too 
complicated to discuss thoroughly in a brief resum€. 
The same fundamentals of light, color, and vision 
apply in this field as in other fields of camouflage, 



Fig. 09. — Repr«MatatiT« «arth backgnmnds for tn abpUaw 
(uncftmoaflasod) u Ti«w«d from abore. 

but different data are required. When viewing air- 
craft from above, tiie earth is the background of most 
importance. Cumulus clouds on sunny days are 
generally at altitudes of 4000 to 7000 feet. Clouds 
are not always present and besides they are of such 
a different order of brightness from that of the earth 
that they cannot be considered in camouflage designed 
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for low visibility from above. In other words, the 
compromise in this case is to accept the earth as a 
background and to work on this basis. We are con- 
fronted with seasonal changes of landscape, but inas- 
much as the summer landscape was of greatest im- 
portance generally, it was the dominating factor in 
considering low visibility from above. 

On looking down upon the earth one is impressed 
with the definite types of areas such as cultivated 
fields, woods, barren ground and water. Different 
landscapes contain these areas in various propor- 
tions, which fact must be considered. Many thousand 
determinations of reflection-factor and of approximate 
hue were made for these types of areas, and upon 
the mean values camouflage for low visibility as 
viewed from above was developed. A few values are 
given in the accompan]ang table, but a more com- 
prehensive presentation will be found elsewhere.^^ 

Mean Reflection-Factors 

(From thousands of messurements made l^ viewing vertically down- 
ward during summer and fall from various altitudes.) 

PwC«nt 

Woods 4^ 

Barren ground 13.0 

Fields (grazing land and growing crops) 6.8 

Inland water (rivers and bays) 6.8 

Deep ocean water 3.6 

Dense clouds 78.0 

Wooded areas are the darkest general areas in a 
landscape and possess a very low reflection-factor. 
From above one sees the deep shadows interspersed 
among the highlights. These shadows and the trap- 
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ping of light are largely responsible for the low 
ness or apparent reflection-factor. This is best il- 
lustrated by means of black velvet. If a piece of 
cardboard is dyed with the same black dye as that 
used to dye the velvet, it will diffusely reflect 2 or 3 
per cent of the incident light, but the black velvet 
will reflect no more than 0.6 per cent. The velvet 
fibers provide many light traps and cast many shadows 
which reduce the relative brightness or reflection- 
factor far below that of the flat cardboard. Culti- 
vated fields on which there are growing crops are 
nearly twice as bright as wooded areas, depending, 
of course, upon the denseness of the vegetation. 
Barren sunbaked lands are generally the brightest 
large areas in a landscape, the brightness depending 
upon the character of the soil. Wet soil is darker 
than dry soil, owing to the fact that the pores are filled 
with water, thus reducing the reflection-factor of the 
small particles of soil. A dry white blotting paper which 
reflects 76 per cent of the incident light will reflect 
only about 66 per cent when wet. 

Inland waters which contain much suspended 
matter are about as bright as grazing land and culti- 
vated fields. Shallow water partakes somewhat of 
the color and brightness of the bed, and deep ocean 
water is somewhat darker than wooded areas. Quiet 
stagnant pools or small lakes are sometimes exceed- 
ingly dark; in fact, they appear like pools of ink, owing 
to the fact that their brightness as viewed vertically 
is almost entirely due to surface reflection. If it is 
due entirely to reflection at the surface, the bright- 
ness will be about 2 per cent of the brightness of the 
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zenith sky. That is, when viewing such a body of 
water vertically one sees an image of the zenith sky 
reduced in brightness to about 2 per cent. 

The earth patterns were extensively studied with 
the result that definite conclusions were formulated 
pertaining to the best patterns to be used. Although 
it is out of the question to present a detailed dis- 
cussion of this important phase in this resume, at- 
tention will be called to the manner in which the 
earth patterns diminish with increasing altitude. The 
insert in Fig. 100 shows the actual size of an image 
of a 60-foot airplane from to 16|000 feet below the 
observer as compared with correspondmg images 
(to the same scale) of objects and areas on the earth's 
surface 10,000 feet below the observer. 

For simplicity assume a camera lens to have a 
focal length equal to 10 inches, then the length x 
of the image of an object 100 feet long will be related 
to the altitude h in this manner: 

10 h 

By substituting the values of altitude /i in the 
equation the values of the length x of the image are 
found. The following values illustrate the change 
in size of the image with altitude : 

Altitude h in feet Size of inuige x in inches 

1,000 1.00 

2,000 0.60 

3,000 0.33 

4,000 0.26 

10,000 0.10 

20,000 0.06 
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It is seen that the image diminishes less rapidly 
in size as the altitude increases. For example, going 
from 1000 feet to 2000 feet the image is reduced to 
one-half. The same reduction takes place in as- 



Fig. 100. -~ lUiutfmting tho stady of (Mttera for airplaom. The pho- 
tograph waa taken from an altitndo of 10,000 f««t. The Insert 
•hows the relatlTe lengths (verticle scale) of an airplane of SO-foot 
spread at various distances below the observer. 



cending from 10,000 to 20,000 feet. By taking a 
series of photographs and knowing the reduction- 
factor of the lens it is a simple matter to study pattern. 
An airplane of known dimensions can he placed in the 
imagination at any altitude on a photograph taken at 
a known altitude and the futility of certain patterns 
and the advantages of o&ers are at once evident. 
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It is impracticable to present colored illustrations 
in this rSstunS and values expressed in numbers are 
meaningless to most persons, so a few general remarks 
will be made in closing the discussion of low visibility 
as viewed from above in spring, summer and fall. 
A black craft is of much lower visibility than a white 
one. White should not be used. The paints should 
be very dark shades. The hues are approximately 
the same for the earth areas as seen at the earth's 
surface. Inland waters are a dirty blue-green or 
bluish-green, and deep ocean water is a greenish- 
blue when viewed vertically, or nearly so. Mean 
hues of these were determined approximately. 

Before considering other aspects of camouflage 
it is well to consider such features as haze, clouds 
and sky. There appear to be two kinds of haze which 
the writer will arbitrarily call earth and high haze, 
respectively. The former consists chiefly of dust and 
smoke and usually extends to an altitude of about one 
mile, although it occasionally extends much higher. 
Its upper limit is very distinct, as seen by the ^^ false '' 
horizon. This horizon is used more by the pilot when 
flying at certain altitudes than the true horizon. At 
the top of this haze cumulus clouds are commonly 
seen to be poking out like nearly submerged icebergs. 
The upper haze appears somewhat whiter in color 
and appears to extend sometimes to altitudes of 
several or even many miles. The fact that the ^^ earth " 
haze may be seen to end usually at about 6000 to 
6000 feet and the upper haze to persist even beyond 
20,000 feet has led the author to apply different names 
for convenience. The upper limit of the '^ earth '' 
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haze is determined by the height of diurnal atmos- 
pheric convection. Haze aids in lowering the visi- 
bility of airplanes by providing a luminous veil, but it 
also operates at some altitudes to increase the bright- 
ness of the sky, which is the background in this case. 

The sky generally decreases considerably in bright- 
ness as the observer ascends. The brightness of the 
sky is due to scattered light, that is, to light being 
reflected by particles of dust, smoke, thinly diflfused 
clouds, etc. By making a series of measurements of 
the brightness of the zenith sky for various altitudes, 
the altitude where the earth haze ends is usually 
plainly distinguishable. Many observations of this 
character were accumulated. In some extreme cases 
the sky was found to be only one-tenth as bright 
when observed at high altitudes of 16,000 to 20,000 
feet as seen from the earth's surface. This accounts 
partly for the decrease in the visibility of an airplane 
as it ascends. At 20,000 feet the sky was found to 
contribute as little as 4 per cent of the total light on 
a horizontal plane and the extreme harshness of the 
lighting is very noticeable when the upper sky is 
cloudless and clear. 

Doubtless, it has been commonly noted that 
airplanes are generally very dark objects as viewed 
from below against the sky. Even when painted white 
they are usually much darker than the sky. As they 
ascend the sky above them becomes darker, although 
to the observer on the ground the sky remains con- 
stant in brightness. However, in ascending, the 
airplane is leaving below it more and more luminous 
haze which acts as a veil in aiding to screen it until. 
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when it reaches a high altitude, the combiiiation of 
dark sky behind it and luminous haze between it 
and the observer on the ground, it becomes of much 
lower visibility. Another factor which contributes 
somewhat is its dinunishing size as viewed from a 
fixed position at the earth. The minimum perceptible 
contrast becomes larger as the size of the contrasting 
patch dimioishes. 

Inasmuch as there is not enough light reflected 
upward from the earth to illuminate the lower side 
of an opaque surface sufficiently to make it as bright 
as the sky ordinarily, excepting at veiy high altitudes 
for very clear skies, it is necessary, in order to attain 
low visibility for airplanes as viewed from below, to 
supply some additional illumination to the lower 
surfaces. Computations have shown that artificial 
lighting is impracticable, but measiu-ements on un- 
doped airplane fabrics indicate that on sunny days 
a sufficient brightness can be obtained from direct 
sunlight diffused by the fabric to increase the bright- 
ness to the order of magnitude of the brightness of the 
sky. On overcast days an airplane will nearly always 
appear very much darker than the sky. That is, the 
brightness of the lower sides can in no other manner 
be made equal to that of the sky. However, low 
visibility can be obtained on sunny days which is an 
advantage over high visibility at all times, as is the 
case with airplanes now in use. Many observations 
and computations of these and other factors have 
been made, so that it is possible to predict results. 
Transparent media have obvious advantages, but 
no satisfactory ones are available at present 
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Having considered low visibility of aircraft as 
viewed from above and from below, respectively, it is 
of interest to discuss briefly the possibility of attain- 
ing both of these simultaneously with a given air- 
plane. Frankly, it is not practicable to do this. An 
airplane to be of low visibility against the earth back- 
ground must be painted or dyed veiy dark shades of 
appropriate color and pattern. This renders it almost 
opaque and it will be a veiy dark object when viewed 
against the sky. If the lower surfaces of the airplane 
are painted as white as possible the airplane still re- 
mains a dark object against the blue sky and a veiy 
dark object against an overcast sky, except at high 
altitudes. In the latter cases the contrast is not as 
great as already explained. A practicable method of 
decreasing the visibility of airplanes at present as viewed 
from below is to increase the brightness by the diffuse 
transmission of direct sun-light on clear days. On 
overcast days clouds and haze must be depended upon 
to screen the craft. 

In considering these aspects it is well to recall 
that the two sources of light are the sun and the sky. 
Assuming the sun to contribute 80 per cent of the total 
light which reaches the upper side of an opaque hori- 
zontal diffusing surface at midday at the earth and 
assuming the sky to be cloudless and tmiform in 
brightness, then the brightness of the horizontal 
upper surface will equal 6 RB^ where /? is the reflection- 
factor of the surface and B is the brightness (different 
in the two cases) of the sky. On a tmiformly overcast 
day the brightness of the surface would be equal to 
RB. Now assuming R^ to be the mean 
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factor of the earthy then the lower side of a horizontal 
opaque surface suspended in the air would receive 
light in proportion to R^B. U this lower surface were 
a perfect mirror or a perfectly reflecting and diflNising 
surface its brightness would equal 6 ReB on the sunny 
day and R^B on the overcast day where B is the value 
(different in the two cases) of the brightness of the 
uniform sky. The surface can never be a perfect 
reflector, so on an overcast day its brightness will be 
a fraction (RRe) of the brightness B of the uniform 
sky. Inasmuch as R^ is a veiy small value it is seen 
that low visibility of airplanes as viewed from below 
generally cannot be attained on an overcast day. It 
can be approached on a sunny day and even realized 
by adopting the expedient already mentioned. Further 
computations are to be found elsewhere.^^ 

Seasonable changes present no difficulties, for from 
a practical standpoint only summer and winter need be 
generally considered. If the earth is covered with 
snow an airplane covered completely with white or 
gray paint would be fairly satisfactoiy as viewed from 
above, and if a certain shade of a blue tint be applied 
to the lower surfaces, low visibility as viewed from 
below would result. The white paint would possess 
a reflection-factor about equal to that of snow, thus 
providing low visibility from above. Inasmuch as the 
reflection-factor of snow is very high, the white lower 
sides of an airplane would receive a great deal more 
light in winter than they would in summer. Obviously, 
a blue tint is necessary for low visibility against the 
sky, but color has not been primarily considered in 
the preceding paragraphs because the chief difficulty 
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in achieving low visibility from below lies in obtain- 
ing brightness of the proper order of magnitude. 
In winter the barren ground would be approximately 
of the same color and reflection-factor as in summeri 
so it would not be difficult to take this into considera- 
tion. 

Seaplanes whose backgrounds generally consist 
of water would be painted of the color and brightness 
of water with perhaps a slight mottling. The color 
would generally be a very dark shade, approximating 
blue-green in hue. 

Aircraft for night use would be treated in the same 
manner as aircraft for day use, if the moonlight is to 
be considered a dominant factor. This is one of the 
cases where the judgment must be based on actual 
experience. It appears that the great enemy of night 
raiders is the searchlight. If this is true the obvious 
expedient is to paint the craft a dull jet black. Ex- 
periments indicate that it is more difficult to pick up 
a black craft than a gray or white one and also it is 
more difficult to hold it in the beam of the searchlight. 
This can be readily proved by the use of black, gray, 
and white cards in the beam of an automobile head- 
light. The white card can be seen in the outskirts 
of the beam where the gray or black cannot be seen, 
and the gray can be picked up where the black one is 
invisible. The science of vision accounts for this as 
it does for many other questions which arise in the 
consideration of camouflage or low visibility. 

Some attempts have been made to apply the prin- 
ciple of confusibility to airplanes as finally developed 
for vessels to circumvent the submarine, but the 
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foUy of this appears to be evident. Air battles are 
conducted at terrific speeds and with skillful maneu- 
vering. Triggers are pulled without computations 
and the whole activity is almost lightning-like. To 
expect to confuse an opponent as to the course and 
position of the airplane is folly. 

The camouflage of observation balloons has not 
been developed, though experiments were being con- 
sidered in this direction as the war closed. Inasmuch 
as they are low-altitude crafts it appears that they 
would be best camouflaged for the earth as a back- 
ground. Their enemies pounce down upon them 
from the sky so that low visibility from above seems 
to be the better choice. 

In the foregoing it has been aimed to give the 
reader the general underlying principles of camouflage 
and low visibility, but at best this is only a resume. 
In the following references will be found more ex- 
tensive discussions of various phases of the subject 
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contrast s and brightness, 114 

growth and decay of sensation, 181 

illusions of, 166 

retiring and advancing, 188 

saturation, 164 

sensibility of retina, 188 

warm and cold, 158 
ConfusabiUty, 226 

Confusion theory of angular illu- 
sions, 100 
Contour, illusions of, 62 

and an^es, illusioos, 87 
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Contracting and ez|Muiding drcles, 

illusion of, 98 
Contrasts, illusions of, 63 

simultaneous, 184, 154 

apparatus for, 116, 126 

color, 114, 164, 188 

brightness, 114 
Convergence, illusions of, 108, 191 
Cord, twisted, illusion, 88 



Daylight, artificial, 189 

Decoration, painting and, 179 

Decorator, 188 

Dember, 167 

Depth and distance, illusions, 102 

Direction, illusions of 

ZdUner's, 76 

Wundf s, 79 

Bering's, 80 
Disk, Mason, 182 
Distance and depth, illusions, 102 

and size, 36, 104, 166 
Distance illusions, Carr's observa- 
tions, 108 
Double images, 37 
Dynamic theory of angular illusions, 
99 

Enlargement of sun and moon at 

horizon, apparent, 169 
Equivocal figures, 64 
Euclid, 8 

Extent, interrupted, illusions of, 48 
External image, 16, 17, 34 
Eye, physiology, 13 

position, 30 

adjustments, 33 

defects, 19 

Fatigue, 128 

Field, visual, effect of location in, 44 

Figures, equivocal, 64 

Filters, color, 214 

Fluctuation of attention, 66, 106, 141, 

164 
Focusing, 14 
Form of sky, apparent, 166 



Fovea centralis, 22, 23, 139 
Frames, picture, effect of wood grain, 
190 

Geometrical illusions, 44 

Glare, 119 

Grain of wood, apparent distortions 
due to, 190 

Grecian art, 196 

Growth and decay of colo sensa- 
tion, 131 

Guttman, 176 

Hallucination, 4, 72 

Halo, 178 

Haze, illusions, etc, 103, 166, 183 

earth and high, 240 
Hehnholtz, 13, 74 
Hering, 74 

illusion of direction, 80 
Hue and brightness, 126 

Illusions, geometrical, 44 

equivocal figures, 64 

influence of angles, 76 

of depth and distance, 102 

irradiation and brightness con- 
trast, 114 

color, 124 

light and shadows, 144 

in nature, 164 

in painting and decoration, 179 

mirror, 206 

camouflage, 210 
Image 

after-, 24, 26, 69, 128, 129, 186 

double, 37 

external, 16, 17, 34 

retinal, inversion of, 16 

of airplane, size at various alti- 
tudes, 238 
Indirect vision theory, Auerbach's, 

100 
IntagUo, 143 

Interrupted extent, illusions of, 48 
Iris, 16 
Irradiation, 120 
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and brightness contrast, 114 
varieties of (Boswell), 122 
in architecture, 199 



James, 170 
Jastrow, 80 
Jones, L. A., 
Jodd, 86, 93 
Judgment, 1 



Karrer, 160 
Kepler, 8 

light, effect ci spectral character, 189 

Lighting, illusions of depth and dis- 
tance due to, 102 
contrasts, 164 
diffusion, effect of, 146 
direction, effect of, 144, 161 
ending of searchlight beam, 160 
warm and cold colors, 168 

lipps, 10, 11 
dynamic theory of, 99 

Location in visual field, effect, 44 

Mean distance theory, Bnmot's, 101 
Mechanical, esthetic unity, 11 
Magician, 3 
Magic, mirror, 206 
Marine camouflage, 222 
Mason disk, 132 
Mirage, 3, 176 
Mirror magic, 206 
BAiscellaneous color effects, 140 
Moon, apparent size at horizon, 8 
36, 169 

theories of, 173 

apparent radius of crescent, 121 
MttUer-Lyer illusion, 63, 93 

National Research Council, Commit- 
tee on Camouflage, 234 
Nature, 164 
Necker, 74 

Oppel,9 



Painting and decoration, 179 
Painter, 2, 179, 186 
Parallax, 106 
Parthenon of Athens, 196 
Persistence of vision, 131 
Perspective, 68 

in architecture, 196 

aerial, 166, 183 

theory, 98 
Photographer, 162 
Photography, use in detection of 

camouflage, 220 
Photometer, 166, 217 
Pigments, 184 
Poggendorff illusion, 86 
Protective coloration, animals, 211 
Psychology, 2, 6, 167 

of light, 193 
Purkinje phenomenon, 26, 139 

Reflection-factors, 236 
Retina, 14, 20 

inertia, 180 

color sensibility, 138 
Retinal rivalry, 140 
Retiring and advancing colors, 136 
Reversal of mirror image, 206 
Rods and cones, 21 

Schroder's staircase, 70 
Sculpture, 204 

Searchlight beam, ending of, 160 
Sensation, color, growth and decay, 

131 
Sense, 1 

Shading, counter, for vessels, 224 
Shadows, importance in camouflage, 

216 
Size and distance, 36, 36 

illusions of, 104, 166 
Sky 

apparent f onn of, 166 

Mghtness, 241 
Skylight and sunlight, relative pro- 
portions of, 216, 243 
Smith, Robert, 173 
Smoke-screens, 230 
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Spectral character of light, 189 

Sphere, illusions, 146, 160, 161 

Spherical abenation, 19 

Sphinx illusion, 906 

Spiral illusions, 90 

Spraying, paint, 187 

Stereoscope, 89, 142 

Stereoscopic vision, 88, 41, 141 

Submarines, 826 
camouflage for, 282 

Sun, apparent enlargement at hori- 
zon, 169 

Sunlight and skyli^t, relative pro- 
portions in nature, 216, 248 

Terrestrial camouflage, 210 
Theory of influence of angles, 98 

perspective, 98 

dynamic, 99 

confusion, 100 

indirect vision, 100 

mean distance, 101 
Tbi6rfs figure, 71 
Thi€rfB perspective theory, 99 



Transparencies, 186 
Twisted cord illusions, 88 

Uibe, 167 

Vertical vs. horizontal distances. IL 

86, 46 
Visibility, low, for vessels, 222 

of airidanes, 288 
Vision, 29 

persistence of, 181 

stereoscopic, 88 

Visual perception, 82, 88 

Warm and cold colors, 168 
Warner, E. L., 227 
Wheatstone, 87 

Wood grain, illusions caused by, 191 
World War, 218 
Wundt, 10, 11, 82, 74 
illusion of direction, 79 

Yellow spot, 189 

ZdUner's illusion, 67, 76 
Zoth, 176 
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Cooper, W. R. Primary Batteries Svo, 

Copperthwaite, W. C. Tunnel Shields 4to, 

Corfield, W. H. Dwelling Houses i6mo, 

Water and Water-Supply i6mo, 

Cornwall, H. B. Manual of Blow-pipe Analysis Svo. 

Couch, J F. Dictionary of Chemical Terms. z2mo, fabrikoid, 

Cowee, 6. A. Practical Safety Methods and Devices Svo, 

Cowell, W. B. Pure Air, Ozone, and Water i2mo, 

Craig, J. W., and Woodward, W. P. Questions and Answers About 

Electrical Apparatus i2mo, leather, 

Craig, T. Motion of a Solid in a Fuel i6mo, 

Wave and Vortex Motion i6mo. 
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Crehore, A. C. Mystery of Matter and Energy 8yo, 

The Atom lan^o, 

Crocker, F. B., and Arendt, M. Electric Motors 8yo, 

Crocker, F. B., and Wheeler, S* S. The Management of Electrical Ma- 
chinery '. i2mo, 

Croshy, E. U., Fiske, H. A., and Forster, H. W. Handbook of Fire 

Protection i2mo, 

Cross, C. F., Bevan, E. J., and Sindall, R. W. Wood Pulp and Its 

Uses 870, 

Crosskey, L. R. Elementary Perspective 8vo, 

Crosskey, L. R., and Thaw, J. Advanced Perspective Svo, 

Culley, J. L. Theory of Arches i6mo, 

Cushing, H. C, Jr., and Harrison, N. Central Station Management. .. 

Dadourian, H. M. Analytical Mechanics lamo, 

Graphic Statics 8v*/, 

Danby, A Natural Rock Asphalts and Bitumens 8vo, 

leaning, £. R. Inorgamc Chemicai bynou>iu;» i:..mo, 

liavenport, C, The Book 8vo, 

Oavey, N. The Gas Turbine 8vo, 

DavieSy F. H. Electric Power and Traction 8vo, 

Davis, A. M. Introduction to Palaeontology 8vo, 

Foundations and Machinery Fixing i6mo, 

Deerr, N. Sugar Cane 8vo {^Reprinting.) 

Deite, C. Manual of Toilet Soap-Making 8vo, 

De la Couz, H. The Industrial Uses of Water 8vo, 

Del Mar, W. A Electric Power Conductors 8vo, 

Denny, G. A Deep-level Mines of the Rand 4to, *io oo 

De Roos, J. D. C. Linkages i6mo, o 75 

Derr, W. L. Block Signal Operation Oblong i2mo, *i 50 

Desaint, A. Three Hundred Shades and How to Mix Them 8vo, *^ 00 

De Varonai A. Sewer Gases i6mo, o 75 

Devey, R. O. Mill and Factory Wiring lamo, 1 00 

Dichmann, Carl. Basic Open- Hearth Steel Process lamo, 4 00 

Dieterich, K. Analysis of Resins, Balsams, and Gum Resins 8vo, 7 00 

Dilworth, E. C. Steel Railway Bridges 4to, 6 00 

Dinger, Lieut. H. C. Care and Operation of Naval Machinery.. .lamo, *3 00 
Dixon, D. B. Machinist's and Steam Engineer's Practical Calculator. 

z6mo, morocco, i 25 

Dommett, W. E. Motor Car Mechanism lamo, *2 00 

Dorr, B. F. The Surveyor's Guide and Pocket Table-book. 

x6mo, morocco, 2 00 

Draper, C. H. Heat and the Principles of Thermo-Dynamics. .ximo, 2 25 

Draper, E. G. Navigating the Ship i2mo, 2 00 

Dubbel, H. High Power Gas Engines 8vo, ♦s 00 

Dumbleton, J. E. Aerial Navigation -• i2mo, 4 00 

Dumesny, P., and Noyer, J. Wood Products, Distillates, and Extracts. 

8vo, *5 00 

Duncan, W. G., and Penman, D. Tho Bloctrical Equipment of Collieries. 

8vo, *5 00 
Dunkley, W. O. Design of Machine Elements. Two volumes. .8vo,each, 2 00 

Dunstan, A E., and Thole, F. B. T. Textbook of Practical Chemistry. 

i2mo, 3 00 
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Durham, H. W. Saws. 8vo, 

Duthie, A. L. Decerative Glass Processes Svo, 

I>wight, H. B. Transmission Line Formulas 8vo, 

Dyke, A. L. Dyke's Automobile and Gasoline Engine Encyclopedia, 

Syo, 
Dyson, S. S. A Manual of Chemical Plant. 12 parts. .. .410, pai>er, 

Dyson, S. S., and Clarkson, S. S. Chemical Works 8vo, *g 00 

Eccles, W. H. Wireless Telegraphy and Telepnony lamo, 

Eck, J. Light, Radiation and Illumination Svo, 

Eddy, L. C. Laboratory Manual of Alternating Currents x2mo, 

Edelman, P, Inventions and Patents , i2mo, 

Edgcumbe, K. Industrial Electrical Measuring Instruments 8yo, 

Edler, R. Switches and Switchgear Svo, 

Eissler, M. The Metallurgy of Gold 8vo, 

The Metallurgy of Silver Svo, 

The Metallurgy of Argentiferous Lead Svo, 

Ekin, T. C. Water Pipe and Sewage Discharge Diagrams folio, 

Electric Light Carbons, Manufacture of Svo, 

Eliot, C. W., and Storer, F. H. Compendious Manual of Qualitative 

Chemical Analysis z2mo, 

. Eliott, A W. M. Rectangular Areas x2mo, 

Ellis, C. Hydrogenation of Oils Svo, 

Ultraviolet Light, Its Applications in Chemical Arts xamo, 

(In Press) 
and Meigs, J. V. Gasoline and Other Motor Fuels Svo, 

Ellis, G. Modem Technical Drawing Svo, 

Modern Practical Carpentry 4to, 

Ennis, Wm. D. Linseed Oil and Other Seed Oils Svo, 

Applied Thermodynamics Svo, 

Vapors for Heat Engines xamo, 

Ermen, W. F. A. Materials Used in Sizing Svo, 

Erwin, M. The Universe and the Atom lamo (Reprinting.) 

Swing, A. J.' Magnetic Induction in Iron Svo, 500 

Faber, 0. Ferraris Dioptric Instruments Svo, 

Fage, A. Airscrews in Theory and Practice 4to, 

Fairchild, J. F. Graphical Compass Conversion Chart and Tables... 

Fairie, J. Notes on Lead Ores z2mo, 

Notes on Pottery Clays lamo, 

Fairley, W^ and Andre, Geo. J. Ventilation of Coal Mines x6mo, 

Fairweather, W. C. Foreign and Colom'al Patent Laws Svo, 

Falk, K. G. Chemical Reactions: Their Supply and Mechanism. .lamo, 

Fanning, J. T. Hydraulic and Water-supply Engineerfaig Svo, 

Farnsworth, P. V. Shop Mathematics x2mo (In Press.) 

Fay, I. W. The Coal-tar Dyes Svo, 

Fembach, R. L. Glue and Gelatine 8vo, 

Findlay, A. The Treasures of Coal Tar "mo, 

Firth, J. B. Practical Physical Chemistry "mo, 

Fischer, E. The Preparation of Organic Compounds x2mo, 

Fisher, H. K. C, and Darby, W. C. Submnrine Cable Testing. ..Svo, 
Pleischmann, W. The Book of the Dairy Svo (Repnnitng.) 
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Aeming, J. A. The Alteraate-current Transformer. Two Volumes. 8vo 

Vol. I. The Induction of Electric Currents *6 50 

Vol, II. The .Utilization of Induced Currents 6 50 

Propagation of Electric Currents 8vo, 3 75 

— — A Handbook for the Electrical Laboratory and Tetting Room. Two 

Volumes 8vo, each, *6 5Q 

Fleury, P. Preparation and Uses of White Zinc Paints 8vo, 3 00 

Flynn, P. J. Flow of Water iimo, o 75 

Hydraulic Tables xemo, o 75 

Foster, H. A. Electrical Engineers' Pocket-book. (Seventh Edition,) 

i2mo, leather, 5 00 

Engineering Valuation of Public Utilities and Factories 8vo, *3 00 

Fowle, F. F. Overhead Transmission Line Crossings x2mo, ^i 50 

The Solution of Alternating Current Problems 8vo {In Press.) 

Fox, W. G. Transition Curves i6mo, o 75 

Fox, W., and Thomas, C. W. Practical Course in Mechanieal Draw- 
ing i2mo, I 25 

Foye, J. C. Chemical Problems i6mo, o 75 

• Handbook of Mineralogy i6mo, o 75 

Francis, J. B. Lowell Hydraulic Experiments 4to, 15 00 

Franzen, H. Exercises in Gas Analysis lamo, ^i 00 

Fraser, E. S., and Jones, R. B. Motor Vehicles and Their Motors, 

&V0, fabrikoid, 2 00 

Frederick, R. C, and Forster, A. Public Health Chemical Analysis. . 8vo, 4 50 

Freudemacher, P. W. Electric Mining Installations i2mo, i 00 

Friend, J. N. The Chemistry of Linseed Oil iimo, i 00 

Fritsch, J. Manufacture of Chemical Manures 8vo, 6 00 

Frye, A. I. Civil Engineers' Pocket-book i2mo, leather, "^5 00 

Fuller, G. W. Investigations into the Purification of the Ohio River. 

4to, *io 00 
Fumeil, J. Paints, Colors, Oils, and Varnishes 8vo. 

Ganswindt, A. Dyeing Silk, Mixed Silk Fabrics and Artificial Silks, 

8vo, 5 00 

Gant, L. W. Elements of Electric Traction 8vo, *2 50 

Garcia, A. J. R. V. Spanish-English Railway Terms 8vo, 3 00 

Gardner, H. A. Paint Researches, and Their Practical Applications, 

8vo, *5 00 

Garforth, W. E. Rules for Recovering Coal Mines after Explosions and 

Fires i2mo, leather, i 50 

Garrard, C. C. Electric Switch and Controlling Gear 8vo, 10 00 

Gaudard, J. Foundations i6mo, o 75 

Gear, H. B., and WUliams, P. F. Electric Central Station Distribution 

Systems 8vo, *3 50 

Geerligs, H. C. P. Cane Sugar and Its Manufacture. 8vo. {Reprinting.) 

Chemical Control m Cane Sugar Factories 4to, 5 00 

Geikie, J. Structural and Field Geology 8vo, 7 50 

Georgi, F., and Schubert, A. Sheet Metal Working 8vo, 3 50 

Gerhard, W. P. Sanitation, Watersupply and Sewage Disposal of Country 

Houses lamo, 2 50 
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Gas Lighting i6mo» 

Household Wastes i6mo, 

House Drainage x6mo, 

Sanitary Drainage of Buildings i6mo, 

Gerhardi, C. W. H. Electricity Meters Svo, 

Gibbings, A. H. Oil Fuel Equipment for Locomotives. 8vo. 

(Reprinting.) 

Gibbs, W, E. Lighting by Acetylene i2mo, 

Gibson, A. H. Hydraulics and Its Application 8vo, 

Water Hammer in Hydraulic Pipe Lines i2mo. {Reprinting,) 

Gibson, A. H., and Ritchie, E. G. Circular Arc Bow Girder 4to, 

Gilbreth, F. B. Motion Study. i2mo, 

Primer of Scientific Management i2mo, 

Gill, A H. Gas Analysis for Chemists 8vo, 

Gillmore, Gen. Q. A. Roads, Streets, and Pavements i2mo, 

Godfrey, E. Tables for Structural Engineers z6mo, leather, *2 50 

Golding, H. A. The Theta-Phi Diagram i2mo, 

Goodchild, W. Precious Stones 8vo, 

Goodell, J. M. The Location, Construction and Maintenance of 
Rdads 8vo, 

Goodeve, T. M. Textbook on the Steam-engine i2mo, 

Gore, G. Electrolytic Separation of Metals 8vo, 

Gomston, M. H. The Operating Engineers' Catechism., .(/n Press.) 

Gould, E, S. Arithmetic of the Steam-engine i2mo, 

Calculus i6mo, 

High Masonry Dams i6mo, 

Gould, E. S. Practical Hydrostatics and Hydrostatic Formulas. .i6mo, 

Goulding, E. Cotton and Other Vegetable Fibres 8vo, 

Gratacap, L. P. A Popular Guide to Minerals 8vo, 

Gray, H. H. Gas-Works Products 8vo (In Press.) 

Gray, J. Electrical Influence Machines i2mo, 

-Marine Boiler Design 8vo, 

Greenhill, 0. Djmamics of Mechanical Flight Svo, 

Greenwood, H. C. The Industrial Gases Svo, 

Gregorius, R. Mineral Waxes i2mo, 

Grierson, R. Some Modem Methods of Ventilation 8vo, 

Griffith, E. A. Engineering Instruments and Meters Svo, 

Griffiths, A. B. A Treatise on Manures i2mo (Reprinting.) 

Gross, E, Hops Svo, 

Grossman, J. Ammonia and Its Compounds i2mo, 

Groth, L. A. Welding and Cutting Metals by Gases or Electricity. 

Svo, 

Gmner, A. Power-loom Weaving Svo, 

Grunsky, C. E. Topographic Stadia Surveying i6mo, 

Gunther, C. 0. Integration Svo, 

Gurden, R. L. Traverse Tables folio, 

Guy, A E. Experiments on the Flexure of Beams. Svo, 

Haenig, A Emery and Emery Industry Svo, *2 50 

Hainbach, R. Pottery Decoration i2mo, 3 50 

Hale, A J. The Manufacture of Chemicals by Electrolysis Svo, 2 00 
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Hale, HarrisoiL American Chemistry zamo. 

Hale, W« J. Calciilations of General Chemistry xamo. 

Hall, C. H. Chemistry of Paints and Paint Vehicles i2mo, 

Hall, R. H. Governors and Governing Mechanism lamo. 

Hall, W. S. Elements of the Differential and Integral Calculus 8vo, 

Descriptive Geometry 8vo volume and a 4to atlas, 

Haller, G. F., and Ctinningham, £. T. The Tesla Coil xamo, 

Halsey, F. A. Slide Valve Gears. lamo, 

The Use of the Slide Rules i6mo, 

Worm and Spiral Gearing i6mo, 

Hamlin, M. L. Action of Chemicals on Industrial Materials. .8vo, 

{In Press.) 
Hancock, H« Textbook of Mechanics and Hydrostatics 8vo, 

Hardy, £. Elementary Principles of Grapiiic Statics i2mo, 

Haring, H. Engineering Law. 

Vol. I. Law of Contract 8vo, 

Harper, J. H. Hydraulic Tables on the Flow of Water i6mo, 

Harris, S. M. Practical C'pographical Surveying {In Press.; 

Harrow, B. Eminent Cheiuisis Oi. Our Times lamo, 

From Newton to Einstein i2mo, 

Harvey, A. Practical Leather Chemistry 8vo, 

Haskins, C. H. The Galvanometer and Its Uses z6mo, 

Hatt, J. A H. The Colorist square iimo, 

Hausbrand, E. Drying by Means of Air and Steam i2mo, 

Evaporating, Condensing and Cooling Apparatus 8vo, 

Hausmann, E. Telegraph Engineering 8vo, *3 oo 

Hausner, A. Manufacture of Preserved Foods and Sweetmeats 8vo, 

Hawkesworth, J. Graphical Handbook for Reinforced Concrete Design. 

4to, 

Hay, A. Continuous Current Engineering 8vo, 

Hayes, H. V. Public Utilities, Their Cost New and Depreciation. . .8vo, 
Public Utilities, Their Fair Present Value and Return 8vo, 

Heathy F. H. Chemistry of Photography 8vo. (In Press.) 

Heather, H. J. S. Electrical Engineering 8vo, 4 50 

Heaviside, 0. Electromagnetic Theory. Vols. I and IT 8vo, each, 

(Rcprititing.) 

Vol. Ill 8vo (Reprinting.) 

Heck, R. C. H. The Steam Engine and the Turbine 8vo, 4 50 

Steam-Engine and Other Steam Motors. Two Volumes. 

Vol. I. Thermodynamics and the Mechanics 8vo, 

Vol. II. Form, Construction, and Working 8vo, 

Notes on Elementary Kinematics 8vo, boards, 

Graphics of Machine Forces 8vo, boards, 

Heermann, P. Dyers' Materials lamo, 

Henderson, I. F. A Dictionary of Scientific Terms 8vo, 

Bering, C, and Getman, F. H. Standard Tables of Electro-Chemical 

Equivalents lamo, 

Hering. D. W. Essentials of Physics for College Students 8vo, 

Herington, C. F. Powdered Coal as Fuel 8vo, 

Herrmann, G. The Graphical Statics of Mechanism lamo, 

Herzfeld, J. Testing of Yarns and Textile Fabrics 8vo. 

(New Edition in Preparation.) 
Hildenbrand, B. W. Cable^Making i6mo, 075 
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Hilditchy T. P. A Concise History of Chemistry zamo, *z 50 

Hill, M. J. M. The Theory of Proportion 8vo, *2 50 

Hillhouse, P. A. Ship Stability and Trim 8vo, 5 00 

Hiroi, I. Plate .Girder Construction i6mo» ' o 75 

~— ^Statically-Indeterminate Stresses iimo, 2 50 

Hirshfeld, C. F. Engineering Thermodynamics i6mOy 75 

Hoar, A. 'The Submarine Torpedo Boat lamo. *2 00 

Hobart, H. M. Heavy Electrical Engineering 8vo, *4 50 

Design of Static Transformers lamo. 2 50 

Electricity 8vo, ♦« 00 

Electric Trains 8vo (Reprinting.) 

Electric Propulsion of Ships 8vo, 

Hobarty J. F. Hard Soldering, Soft Soldering and Brazing lamo, 

Hobbs, W. R. P. The Arithmetic of Electrical Measurements lamo, 

Hoff, J. N. Paint and Varnish Facts and Formulas lamo, 

Hole, W. The Distribution of Gas 8vo, 

Holmes, A. Nomenclature of Petrology 8vo, 

Hopkins, N. M. Model Engines and Small Boats lamo, 

The Outlook for Research and Invention lamo. 

Hopkinson, J., Shoolbred, J. N., and Day, R. £. Dynamic Electricity. 

i6mo. 

Horner, J. Practical Ironfounding 8vo, 

Gear Cutting, in Theory and Practice 8vo (Reprinting.) 

Houghton, C. E. The Elements of Mechanics of Materials lamo, 

Houstoun, R. A. Studies in Light Production lamo, 

Hovenden, F. Practical Mathematics for Young Engineers .lamo, 

Howe, G. Mathematics for the Practical Man lamo, 

Howorth, J. Repairing and Riveting Glass, China and Earthenware. 

8vo, paper, 

Hoyt, W. E. Chemistry by Experimentation 8vo, 

Hubbard, E. The Utilization of Wood-waste 8vo, 

Hiibner, J. Bleaching and Dyeing of Vegetable and Fibrous Materials. 

8vo, 
Hudson, 0. F. Iron and Steel 8yo, 

Humphreys, A. C. The Business Features of Engineering Practice. 8vo, 

Hunter, A. Bridge Work 8vo. (In Press.) 

Hurst, G. H. Handbook of the Theory of Color 8vo, 

Dictionary of Chemicals and Raw Products 8vo, 

Lubricating Oils, Fats and Greases 8vo, 

Soaps 8vo, *6 00 

Hurst G. H., and Simmons, W. H. Textile Soaps and Oils 8vo, 4 00 

Hurst, H. E., and Lattey, R. T. Text-book of Physics 8vo, *3 00 

Also published in three parts. 

Part I. Dynamics and Heat i 50 

Part IL Sound and Light i 50 

Part III. Magnetism and Electricity a 00 

Hutchinson, R. W.» Jr. Long Distance Electric Power Transmission. 

lamo, 3 00 

Hutchinson, R. W., Jr., and Thomas, W. A. Electricity in Mining. lamo. 

(In Press.) 

Hyde, E. W. Skew Arches i6mo. o 75 
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14 D. VAN NOSTRAND CO/S SHORT TITLE CATALOG 
Hyde, F. S. SolTeatSi OilSi Giuiu, Waxes 8to, *a oo 

Induction Coilg i6mo. o 75 

Ingluuny A. E. Gearins* A practical treatise 9vo, *a 50 

Ingle, H. Mannal of Agricnltnral Chemistry 8vo, 5 00 

InnesSy C. H. Problems in Machine Design lamo, "^3 00 

Centxifngal Pomps zamo, *$ 00 

The Fan zamo, *4 00 

Jacob, A.y and Gould, E. S. On the Designing and Construction of 

Storage Resenroirs i6mo. o 75 

Jacobs, F. B. Cam Design and Manufacture Svo, 2 00 

James, F. D. Controllers for EZectric Motors Svo. 1 00 

Jehl, F. Manufacture of Carbons 8vo, .s 00 

Jennings, A. S. Commercial Paints and Painting Svo. 2 %o 

Jennison, F. H. The Manufacture of Lake Pigments 8vo, 6 eo 

Jepson, G. Cams and the Principles of their Construction Svo, *i 50 

Mechanical Drawing 8fo (In Preparation.) 

Jervis-Smith, F. J. Dynamometers 8yo. 400 

Jockin, W. Arithmetic of the Gold and Silversmith i2mo, *i 00 

Johnson, C. H.« and Earle, R. P. Practical Tects for the Electrical 
Laboratory ( In Press}! 

Johnson, J. H. Arc Lamps and Accessory Apparatus lamo, o 75 

Johnson, T. M. Ship Wiring and Fitting lamo (Reprinting.) 

J<dm8ton, J. F. W., and Cameron, C. Elements of Agricultural Chemistry 

and Geology i2mo, 2 60 

Joly, J. Radioactivity and Geology lamo, 3 50 

Jones, C. L. Service Station Management (hi Press.) 

Jones, H. C. Electrical Nature of Matter and Radioactivity :2mo, 2 25 

Nature of Solution 8vo, 3 75 

New Era in Chemistry lamo, *2 00 

Jones, J. H. Tinplate Industry Svo, *3 00 

Jones, M. W. Testing Raw Materials Used in Paint. lamo, ^2 50 

Jordan, L. C. Practical Railway Spiral z2mo, leather, *i 50 

Juptner, H. F. V. Siderclogy: The Science of Iron Svo, *$ 00 

Kapp, G. Alternate Current Machinery z6mo, 075 

Kapper, F. Overhead Transmission Lines 4to, ^4 00 

Keim, A. W. Prevention of Dampness in Buildings Svo, *2 50 

Keller, S. S., and Knox, W. E. Analytical Geometry and Calculus... 2 00 
Kemble, W. T., and Underbill, C. R. The Periodic Law and the Hydrogen 

Spectrum Svo, paper, 

Kemp, J. F. Handbook of Rocks Svo, 

Kennedy, A. B. W., and Thurston, R. H. Kinematics of Machineiy. 

z6mo, 
Kennedy, A. B. W., Unwin, W. C, and Idell, F. E. Compressed Air. 

i6mo, 

Kennedy, R. Flying Machines : Practice and Design z2mo, 

Principles of Aeroplane Construction Svo, 
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Kent, W. Strength of Materials z6mo, 075 

Kershaw, J. B. C. Fuel, Water and Gas Analysis 8yo, 3 50 

Electrometallurgy 8vo, a 50 

Electro-Thermal Methods of Iron and Steel Production 8vo, *3 00 

The Use of Low Grade and Waste Fuel for Power Generation. svo, 3 00 

Kingzett, C. T. Popular Chemical Dictionary Svo, 4 00 

Kinzbrunner, C. Continuous Current Armatures 8vo, i 50 

— — Testing of Alternating Current Machines Svo, *2 00 

Kinzer, H., and Walter, K. Theory and Practice of Damask Weaving, 

Svo, 4 00 
Kirkaldy, A^ W^ and Evans, A D. History and Economics of 

Transport 8vo, *3 00 

Kirkbride, J. Engraving for Illustration 8vo, ^x 00 

Kirschke, A. Gas and Oil Engines iimo, *i 50 

Klein, J. F. Design of a High-speed Steam-engine 8vo, *5 00 

Physical Significance of Entropy 8vo, *i 50 

Klingenberg, G. Large Electric Power Stations 4te; 9 00 

Knight, R.-Adm. A M. Modern Seamanship 8vo, *6 50 

Pocket Edition lamo, fabrikoid, 3 00 

Knott, C. G., and Mackay, J. S. Practical Mathematics 8vo, 2 50 

Knox, J. Physico-Chemical Calculations iimo, z 50 

Fixation of Atmospheric Nitrogen lamo, z 00 

Koester, F. Steam-Electric Power Plants 4to, *5 00 

Hydroelectric Developments and Engineering 4to, 6 00 

Koller, T. The Utilization of Waste Products 8vo, *5 00 

Cosmetics 8vo, 3 50 

Koppe, S. W. Glycerine lamo, *3 50 

Kozmin, P. A. Flour Milling , 8vo, 8 50 

Krauch, C. Chemical Reagents 8vo, 7 00 

Kremann, R. Application of the Physico -Chemical Theory to Tech- 
nical Process and Manufacturing Methods 8vo, 3 00 

Kretchmar, K. Yam and Warp Sizing 8vo, '''500 

Laffargue, A. Attack in Trench Warfare z6mo, o 50 

Lallier, E. V. Elementary Manual of the Steam Engine zamo, *a 00 

Lambert, T. Lead and Its Compounds 8vo, *3 50 

Bone Products and Manures 8vo, *3 50 

Lambom, L. L. Cottonseed Products 8vo, 4 00 

Modern Soaps, Candles, and Glycerin 8vo, zo 00 

Lamprecht, R. Recovery Work After Pit Fires 8vo, 5 00 

Lanchester, F. W. Aerial Flight. Two Volumes. 8vo. 

Vol. I. Aerodynamics •6 00 

Vol. II. Aerodonetics *6 00 

Lanchester, F. W. The Flying Machine 8vo, *3 00 

Industrial Engineering: Present and Post-War Outlook. . .lamo, zoo 

Lane, F. V. Motor Truck Transportation (In Press.) 

Lange, K. R. By-Products of Coal-Gas Manufacture lamo, a 50 

La Rue, E. F. Swing Bridges* z6mo, o 75 

Lassar-Cohn, Dr. Modern Scientific Cheznistry zamo, a as 

Latimer, L. H., Field, C. J., and Howell, J. W. Incandescent Electric 

Lighting z6mo, o 75 

Latta, M. N. Handbook of American Gas-Engineering Practice. .8vo, 5 00 
American Producer Gas Practice 4to, *6 00 
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Laws, B. C. Stability and Equilibrium of Floating Bodies Sro, 4 50 

Lawson, W. R. British Railways. A Financial and Commercial 

Survey 8vo, 200 

Lecky, S. T. S. ''Wrinkles" in Practical Navigation Svo, 10 00 

Pocket Edition lamo, 5 od 

Danger Angle x6mo, 2 $0 

Le Douz, H. Ice-Making Machines i6mo, o 75 

Leeds, C. C. Mechanical Drawing for Trade Schools oblong 4to, a 25 

Mechanical Drawing for High and Vocational Schools 4to, i 50 

Principles of Engineering Drawing 8vo, 2 50 

Lef^vre^ L. Architectural Pottery 4to, 7 oc 

Lehner, S. Ink Manufacture. 8vo, a 50 

Lemstrom, S. Electricity in Agriculture and Horticulture 8vo, *z 50 

Letts,. E. A Fundamental Problems in Chemistry 8vo, *2 00 

Le Van, W. B. Steam-Engine Indicator i6mo, a 75 

Lewes, V. B. Liquid and Gaseous Fuels 8vo, 3 00 

Carbonization of Coal 8vo, *5 00 

Lewis, L. P. Railway Signal Engineering (Mechanical) 8vo, 5 00 

Lewis Automatic Machine Rifle ; Operation of i6mo, '^o 60 

Licks, H. E. Recreations in Mathematics lamo, i 50 

Lieber, B. F. Lieber's Five Letter American Telegraphic Code .8vo, "^15 00 

Spanish Edition 8vo, *i5 00 

French Edition 8vo, *i5 00 

Terminal Index 8vo, *2 50 

— : — Lieber's Appendix folio, *i5 00 

Handy Tables 4to, *2 50 

Bankers and Stockbrokers' Code and Merchants and Shippers' 

Blank Tables 8vo, *i5 00 

100,000,000 Combination Code .Svo, *io 00 

Livermore, V. P., and Williams, J. How to Become a Competent Motor- 
man i2mo, *i 00 

Livingstone, R. Design and Construction of Commutators 8vo, 450 

Mechanical Design and Construction of Generators 8vo, 4 50 

Lloyd, S. L. Fertilizer Materials i2mo, a 00 

Lockwood, T. D. Electricity. Magnetism, and Electro-telegraph .. .8vo, 250 

- — Electrical Measurement and the Galvanometer i2mo, o 75 

Lodge, O. J. Elementary Mechanics lamo, i 50 

Loewenstein, L. C, and Crissey, C. P. Centrifugal Pumps 5 00 

Lomaz, J. W. Cotton Spinning x2mo, i 50 

Lord, ft. T. Decorative and Fancy Fabrics 8vo, +3 50 

Loring, A. E. A Handbook of the Electromagnetic Telegraph. ..i6mo, o 75 

Lowy, A. Organic Type Formulas o xo 

Organic Type Reactions o 15 

and Downey, T. B. Study Questions in Organic Chemistry. 

(In Press,) 

Lubschez, B. J. Perspective i2m0y 2 00 

Story of the Motion Picture x2mo, i 00 

Lucke, C. E. Gas Engine Design 8vo, *3 00 

Power Plants: Design, Efllciency, and Power Costs. 2 vols. 

(In Preparatum.) 
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Lvckieshy M. Color and Its Application Svo, 4 50 

Light and Shade and Their Applications Svo, 3 00 

Visual Illusions (In Preparation,) 

Lunge, O. Coal-tar and Ammonia. Three Volumes 8vo, *2S 00 

Technical Gas Analysis Svo, *4 50 

Manufacture of Sulphuric Acid and Alkali. Four Volumes 870, 

Vol. I. Sulphuric Acid. In three parts {Reprinting.) 

VoL I. Supplement 8vo (Reprinting. ) 

- Vol. n. Salt Cake, Hydrochloric Acid and Leblanc Soda. In two 
parts (In Press.) 

Vol. III. Ammonia Soda (In Press.) 

Vol. IV. Electrolytic Methods (In Press.) 

Technical Chemists' Handbook lamo, leather, *4 00 

Technical Methods of Chemical Analysis. 

Vol. I. In two parts 8vo (New Edition in Press.) 

Vol. II. In two parts 8vo (New Edition in Press.) 

Vol. III. In two parts 8vo (New Edition in Press.) 

The set (3 vols.) complete 

Luquer, L. M. Minerals in Rock Sections 8vo, z 75 

MacBride, J. D. A Handbook of Practical Shipbuilding, 

iimOy fabrikoidy 3 00 

Mackenzie, N. F« Notes on Irrigation Works 8vo, *a 50 

Mackie, J. How to Make a Woolen Mill Pay 8vo, ^a 00 

Maguire, Wm. R. Domestic Sanitary Drainage and Plumbing 8yo, 4 00 

Malcolm, H. W. Submarine Telegraph Cable 9 00 

ISalinovzsky, A Ceramics lamo, 3 00 

Mallet, A. Compound Engines i6mo, 

Mansfield, A. N. Electro-magnets i6mo, o 75 

Marks, £. C. R. Construction of Cranes and Lifting Machinery, zamo, *2 75 

Manufacture of Iron and Steei Tubes xamo, 2 50 

Mechanical Engineering Materials xamo, '*'i 50 

Marks, G. C. Hydraulic Power Engineering 8vo, 4 50 

Marsh, C. F. Concise Treatise on Reinforced Concrete 8vo, *a 50 

Reinforced Concrete Compression Member Diagram. Mounted on 

Cloth Boards *! . 50 

Marsh, C. F., and Dunn, W. Manual of Reinforced Concrete and Con- 
crete Block Construction x6mo, 

Marshall, W. J., and Sankey, H. R. Gas Engines 8yo, 

Martin, G. Triumphs and Wonders of Modem Chemistry Svo, 

Modern Chemistry and Its Wonders 8vo, 

Martin, N. Properties and Design of Reinforced Concrete Svo, 

Martin, W. D. Hints to Engineers xamo, 

Massie, W. W., and Underbill, C. R. Wireless Telegraphy and Telephony. 

i2mo, 
Mathot, R. E. Internal Combustion Engines 8yo, 

Maurice, W. Electric Blasting Apparatus and Explosives 8vo, 

Shot Firer's Guide 8to, 

Maxwell, F. Sulphitation in White Sugar Manufacture xamo, 

Maxwell, J. C. Matter and Motion i6mo, 
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Maxwell, W. H., and Brown, J. T. Encyclopedia of Municipal and Sani- 
tary Engineeiing 4to, *zo oo 

Mayer, A. M. Lecture Notes on Physics 8vo, 2 oo 

McCracken, £. M., and Sampson, C. H. Course in Pattern Making. 

4to, a oo 
McCullough, £. Practical Surveying lamo, 3 00 

McCullough, R. S. Mechanical Theory of Heat 8vo, 3 50 

McGibbon, W. C. Indicator Diagrams for Blarine Engineers 8vo, 5 00 

Marine Engineers' Drawing Book oblong 4to, *2 50 

McGibbon, W. C. Marine Engineers Pocketbook lamo, * 4 50 

Mcintosh, J. G. Technology of Sugar Svo, *6 00 

Industrial Alcohol 8vo, *3 50 

Manufacture of Varnishes and Kin<f red Icdustric 8- 1 hree Volumes. 

8vo. 

Vol. I. Oil Crushing, Refining and Boiling 7 00 

Vol. II. Varnish Materials and Oil Varnish Making. 5 00 

Vol. III. Spirit Varnishes and Materials 6 00 

llcKillop, M., and McKilloPi A. D. Efficiency Methods lamo, x 50 

McKnight, J. D., and Brown, A. W. Marine Multitubular Boilers *2 50 

McMaster, J. B. Bridge and Tunnel Centres i6mo, o 75 

McMechen, F. L. Tests for Ores, Minerals and Metals lamo, i 50 

McNair, F. V. Handbook for Naval Officers lamo, 4 00 

Meade, A. Modern Gas Works Practice 8vo, *8 50 

Melick, C. W. Dairy Laboratory Guide lamo, *i 25 

*^entor." Self-Instruction for Students in Gas Supply. lamo. 

Elementary 2 50 

Advanced a 50 

• Self-Instruction for Students in Gas Engineering. lamo. 

Elementary a 00 

Advanced a 00 

Merivale, J. H. Notes and Formulae for Mining Students lamo, i 00 

Merritt, Wm. H. Field Testing for Gold and Silver i6mo, leather, 

Mertens. Tactics and Technique of River Crossings 8vo, 

Mierzinski, S. Waterproofing of Fabrics Svo, 

Miessner, B. F. Radio Dynamics lamo, *a 00 

Miller, G. A. Determinants i6mo. 

Miller, W. J. Introduction to Historical Geology lamo, 

Mills, C. N. Elementary Mechanics for Engineers Svo, 

Mills, John. Within the Atom lamo (/n Press.) 

Milroy, M. £. W. Home Lace-making . . . , i2mo, 

Church Lace lamo, 

Mitphell, C. A. Mineral and Aerated Waters 8vo, 

Mitchell, C. A., and Prideaux, R. M. Fibres Used in Textile and Allied 

Industries Svo, 

Mitchell, C. F., and G. A. Building Construction and Drawing. i2mo. 

Elementary Course 

Advanced Course 

Monckton, C. C. F. Radiotelegraphy Svo, 

Monteverde. R. D. Vest Pocket Glossary of English-Spanish, Spanish- 
English Technical Terms 64mo, leather, 

Montgomery, J. H. Electric Wirinsj Specifications i6mo, 

Moore, E. C. S. New Tables for the Complete Solution of Ganguillet and 

Kutter's Formula Svo, 

Moore, Harold. Liquid Fuel for Internal Combustion Engines. ..Svo, 
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Morecrofty J. EL, and Hefare, F. W. Short Course in Electrical Testing. 

8vo, 2 00 

Morgan, A. P. Wireless Telegraph Construction for Amateurs. .lamo, x 50 
Horrelly R. S., and Waele, A. £. Rubber, Resins, Paints and Var- 
nishes 8ve, 400 

Moses, A. J. The Characters of Crystals 8vo, 

and Parsons, C. L. Elements of Mineralogy 8vo, 

Moss, S. A. Elements of Gas Engine Design i6mo, 

The Lay-out of Corliss Valve Gears i6mo, 

Mulfordy A. C. Boundaries and Landmarks iimo, 

Munby, A. E. Chemistry and Physics of Building Materials Svo, 

Murphy, J. G. Practical Mining z6mo, 

Murray, B. M. Chemical Rx^.agents Svo, 

Murray, J. A Soils and Manures « 8vo, 

liasmith, J. The Student's Cotton Spinning Svo, 

Recent Cotton Mill Construction i2mo, 

Keave, G. B., and Heilbron, L M. Identification of Organic Compounds. 

lamo, 

Neilson, R. M. Aeroplane Patents Svo, 

Uerz, F. Searchlights Svo (Reprinting. ) 

lYewbigioL M. I., and Flett, J. S. James Geikie, the Man and the 

Geologist Svo, 

Ifewbiging, T. Handbook for Gas Engineers and Managers Svo, 

Kewell, F. H., and Drayer, C. E. Engineering as a Career. . i2mo, cloth, 
Ificol, G. Ship Construction and Calculations Svo, 

Nipher, F. £. Theory of Magnetic Measurements iimo, 

Ifisbet, H. Grammar of Textile Design Svo, 

Ifolan, H. The Telescope i6mo, 

Iforie, J. W. Epitome of Navigation (2 Vols.) octavo, 

A Complete Set of Nautical Tables with Explanations of Their 

Use octavo, 

North, H. B. Laboratory Experiments in General Chemistry i2mo, 

O'Connor, H. The Gas Engineer's Pocketbook i2mo, leather. 

Ohm, G. S., and Lockwood, T. D. Galvanic Circuit i6mo, 

Olsen, J. C. Text-book of Quantitative Chemical Analysis Svo, 

Ormsby, M. T. M. Surveying i2mo, 

Oudin, M. A. Standard Polyphase Apparatus and Systems. Svo, 

Pakes, W. C. C, and Nankivell, A. T. The Science of Hygiene . .8vo, *i 75 

Palaz, A. Industrial Photometry Svo, 5 00 

Palmer, A. R. Electrical Experiments x2mo, o 75 

Magnetic Measurements and Experiments i2mo, o 75 

Pamely, C. Colliery Manager's Handbook Svo, *io co 

Parker, P. A. M. The Co'-t-ol of Water Svo, 600 

Parr, G. D. A Electrical Engineering: Measu ing Instruments Svo, *3 50 

Parry, E. J. Chemistry of Essential Oils and Artificial Perfumes. 

Vol. I. Monographs on Essential Oils. 9 00 

Vol. II. Constituents of Essential Oils, Analysis 7 00 

Foods and Drugs. Two Volumes. 

Vol. I. The Analysis of Food and Drugs Svo, 950 

Vol. 11. The Sale of Food and Drugs Acts Svo, 3 50 

and Coste, J. H. Chemistry of Pigments Svo, *5 00 
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Parry, L. Notes on AUoys 8to, ♦a 5o 

Metalliferous Wastes Svo, *2 50 

Analysis of Ashes and Alloys Sto, *a 50 

Parry, L. A. Risk and Dangers of Various Occupations 8vo, *3 50 

Parshalli H. F^ and Hobart, H. M. Klectric Railway Engineering. 4to, 7 50 

Parsons, J. L. Land Drainage 8vo, *i 50 

Parsons, S. J. Malleable Cast Iron 8yo, 3 50 

Partington, J. R. Higher Mathematics for Chemical Students. . iimo, 2 50 

Textbook of Thermodynamics 8yo, *4 00 

The Alkali Industry 8vo, 3 00 

Patchelly W. H. Electric Power in Mines Sto, *4 00 

Paterson, 6. W. L. Wiring Calculations i2mo, *2 50 

Electric Mine Signalling Installations lamo, *i 50 

Patterson, D. The Color Printing of Carpet Yams 8vo, ^3 50 

Color Matching on Textiles 8vo, *3 50 

Textile Color Mixing 8vo, *3 50 

Paulding, C. P. Condensation of Steam in Covered and Bare Pipes. .8vo, *2 00 

Transmission of Heat through Cold-storage Insulation i2mo, *i 00 

Payne, D. W. Iron Founders' Manual • 8vo, 4 50 

Peddle, R. A. Engineering and Metallurgical Books i2mo, '*'i 50 

Peirce, B. System of Analytic Mechanics ^ 4to, 10 00 

Linear Associative Algebra 4to, a 50 

Perkin, F, M., and Jaggers, E. M. Elementary Chemistry. . . . i2mo, i 00 

Perrin, J. Atoms 8vo, *2 50 

Petit, G. White Lead and Zinc White Paints 8vo, *2 00 

Petit, R. How to Build an Aeroplane 8vo, i 50 

Pettit, Lieut. J. S. Graphic Processes i6mo, o 75 

Philbrick, P. H. Beams and Girders i6mo, 

Phin, J. Seven Follies of Science i3mo, '^ 50 

Pickworth, C. N. Logarithms for Beginners i2mo, boards, i 00 

The Slide Rule x2mo, i 50 

Pilcher, R. B. The Profession of Chemistry i2mo, 2 00 

Pilcher, R. B., and Butler- Jones, F. What Industry Owes to Chemical 

Science i2mo, i 50 

Plattner's Manual of Blow-pipe Analysis. Eighth Edition, revised . 8vo, 4 00 

Plympton, G. W. The Aneroid Barometer i6mo, o 75 

How to Become an Engineer i6mo, 075 

Van Kostrand's Table Book i6mo, o 75 

Pochet, M. L. Steam Injectors i6mo, o 75 

Pocket Logarithms to Four Places i6mo, o 75 

i6mo, leather, i 00 

Polleyn, F. Dressings and Finishings for Textile Fabrics Svo, *j 50 

Pollock, W. Hot Bulb Oil Engines and Suitable Vessels Svo, 10 00 

Pope, F. G. Organic Chemistry x2mo, 3 00 

Pope, F. L. Modern Practice of the Electric Telegraph Svo, i 50 

Popplewell, W. C. Prevention of Smoke 8vo, *3 50 

Strength of Materials 8vo, *2 50 

Porritt, B. D. The Chemistry of Rubber i2mo, i 00 

Porter, J. R, Helicopter Flying Machine i2mo, 

Potts, H. E. Chemistry of the Rubber Industry Svo, 

Practical Compounding of Oils, Tallows and Grease Svo, 

Pratt, A. E. Economic Metallurgy {In Press.) 

Pratt, Jas. Elementary Machine Shop Practice Svo, 

Piratt, K. Boiler Draught Z2mo, 
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Frelini, C. Earth and Rock Excavation '. ....8yo, *3 oo 

Graphical Determination of Earth Slopes Sto, *2 oo 

^— Tunneling. New Edition 8vo, *3 oo 

— Dredging. A Practical Treatise 8vo, *3 oo 

Fresco tt, A. B., and Johnson^ 0. C. QnalitatiTe Chemical Analysis. .8yo, 4 00 

Prescott, A. B., and Sullivan, £. C. First Book in Qualitative Chemistry, i 50 

Prideauz, £. B. R. Prohlems in Physical Chemistry Svo, 4 50 

The Theory and Use of Indicators Svo, 5 00 

Prince, 6. T. Flow of Water lamo, *a 00 

Pull, E. Modem Steam Boilers Svo, 5 00 

Pullen, W. W. F. Application of Graphic Methods to the Design of 

Structures zamo, 3 00 

Injectors : Theory, Construction and Working lamo, *2 00 

Indicator Diagrams Svo, 3 00 

Engine Testing Svo, *5 50 

Purday, H. F. P. The Diesel Engine Design Syo, 7 50 

Rafter, G. W. Mechanics of Ventilation i6mo, o 75 

Potable Water i6mo, o 75 

Treatment of Septic Sewage i6mo, o 75 

and Baker, M. N. Sewage Disposal in the United States 4to, 6 00 

Raikes, H. P. Sewage Disposal Works Svo, *4 00 

Randau, P. Enamels and Enamelling Svo, *5 00 

Rankine, W. J. M. A Manual of Applied Mechanics Sto, 600 

Civil Engineering Svo. 7 50 

Machinery and Millwork Svo, 6 00 

The Steam-engine and Other Prime Movers Svo, 6 00 

Raphael, F. C. Localization of Faults in Electric Light and Power Mains. 

Svo, 5 00 

Rasch, E. Electric Arc Phenomena Svo, 200 

Rathbone, R. L. B. Simple Jewellery Svo, 2 50 

Rausenberger, F. The Theory of the Recoil Guns Sto, "^5 00 

Rautenstrauch, W. NotesontheEIementsof Machine Design. Svo, boards, *z 50 
Rautenstrauch, W., and Williams, J. T. Machine Drafting and Empirical 
Design. 

Part I. Machine Drafting Svo, x 50 

Part n. Empirical Design (/n Preparation.) 

Raymond, E. B. Alternating Current Engineering i2mo, *2 50 

Rayner, H. Silk Throwing and Waste Silk Spinning Svo, 5 00 

Recipes for the Color, Paint, Varnish, Oil, Soap and Drysaltery Trades, 

Svo, *5 00 

Recipes for Flint Glass Making x2mo, ^5 00 

Redfem, J. B., and Savin, J. Bells, Telephones i6mo, o 75 

Redgrove, H. S. Experimental Mensuration i2mo, i 50 

Reed, E. G. The Transformers (In Press.) 

Reed, S. Turbines Applied to Marine Propulsion *5 00 

Reed's Engineers' Handbook Svo, 9 00 

Key to the Nineteenth Edition of Reed's Engineers' Handbook. Svo, 3 50 

Useful Hints to Sea-going Engineers lamo, 2 50 

Reeve, F. C. Elementary Qualitatiye Analysis of the Metals and Acid 

Radicals i2mo, 150 

Reid, B. E. Introduction to Research in Organic Chemistry. (Fn Press.) 
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Reinhardt, C. W. Lettering for Draftsmen, Engineers, and Students. 

oblong 4to, boards, z 25 
Reinhardt, C. W. The Technic of Mechanical Drafting, 

oblong, 4to, boards. 

Reiser, F. Hardening and Tempering of Steel lamo. 

Reiser, N. Faults in the Manufacture of Woolen Goods 8vo, 

Spinning and Weaving Calculations 8vo, *5 00 

Renwick, W. G. Marble and Marble Working 8vo, 

Reuleauz, F. The Constructor 4to, 

Rey, Jean. The Range of Electric Searchlight Projectors Svo, 

Reynolds, 0., and Idell, F. E. Triple Expansion Engines i6mo, 

Rhead, G. F. Simple Structural Woodwork lamo, 

Rhead, G. W. British Pottery Marks Svo, 

Rhodes, H. J. Art of Lithography : 8v9, 

Rice, J. M and Johnson, W. W. A New Method of Obtaining the Differ- 
ential of Functions xamo, 

Richaids, E. 6. Experience Grading and Rating Schedule 8vo,. 

•Richards, W. A. Forging of Iron and Steel zamq 

Richards, W. A., and North, H. B. Manual of Cement Testing zamo, 

Richardson, J. The Modern Steam Engine Svo, 

Richardson, S. S. Magnetism and Electricity ramo, 

Rideal, E. K. Industrial Electrometallurgy 8vo, 

The Rare Earths and Metals 8vo {In Press.) 

— — Ozone 8vo, 

Rideal, S. Glue and Glue Testing Svo, 

The Carbohydrates , Svo, 

Riesenberg, F. The Men on Deck lamo, 

Standard Seamanship for the Merchant Marine. lamo (In Press.) 

Rimmer, E. J. Boiler Explosions, Collapses and Mishaps Svo, 

Rings, F. Reinforced Concrete in Theory and Practice lamo. 

Ripper, W. Course of Instruction in Machine Drawing folio, 

Roberts, F. C. Figure of the Earth i6mo, 

Roberts, J., Jr. Laboratory Work in Electrical Engineering Svo, 

Robertson, J. B. The Chemistry of Coal lamo, 

Robertson, L. S. Water-tube Boilers Svo, 

Robinson, J. B. Architectural Composition Svo, 

Robinson, S. W. Practical Treatise on the Xeeth of Wheels. .z6mo, 

Railroad Economics i6mo, 

Wrought Iron Bridge Members i6mo, 

Robson, J. n. Machine Drawing and Sketching Svo, 

Roebling, J. A. Long and Short Span Railway Bridges folio. 

Rogers, A. A Laboratory Guide of Industrial Chemistry Svo, 

• Elements of Industrial Chemistry lamo, 

Manual of Industrial Chemistry Svo, 

Rogers, F. Magnetism of Iron Vessels i6mo, 

Rohland, P. Colloidal and Crystalloidal State of Matter lamo, 

(Reprinting.) 

Rollinson, C. Alphabets Oblong, lamo. 

Rose, J. The Pattern-makers' Assistant Svo, 

<— - Key to Engines and Engine-numing lamo. 

Rose, T. K. The Precious Metals Svo, 
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Rosenliaini W. Glass Manufacture Svo, 

Physical Metallurgy, An Introduction to 8vo, 

Roth, W. A. Physical Chemistry 8vo, 

Rowan, F. J., and Idell, F. £. Boiler Incrustation and Corrosion. x6mo, 

Roxburgh, W. General Foundry Practice ^ 8vo, 

Ruhmer, E. Wireless Telephony 8vo, 

Russell, A. Theory of Electric Cables and Network Svo, 

Rust, A Practical Tables for Navigators and Aviators 8vo, 

Rutley, F. Elements of Mineralogy iimo, 

Sandeman, E. A. Notes on the Manufacture of Earthenware. . .lamo, 

Sanford, P. G. Nitro-explosives 8vo, 

Saunders, C. H. Handbook of Practical Mechanics i6mo, 

leather, 

Sayers, H. M. Brakes for Tram Cars 1. . .8vo. 

Schaefer, C. T. Motor Truck Design 8vo, 

Scheithauer, W. Shale Oils and Tars 8vo, 

Scherer, R. Casein 8vo, 3 50 

Schidrowitz, P. Rubber, Its Production and Industrial Uses 8vc, *6 00 

Schindler, K. Iron and Steel Construction Works lamo, '^2 00 

Schmall, C. N. First Course in Analytic Geometry, Plane and Solid. 

i2mo, 

and Shack, S. M. Elements of Plane Geometry iimo, 

Schmeer, L. Flow of Wat^r 8vo, 

Schwarz, E. H. L. Causal Geology 8vo, 

Schweizer, V. Distillations of Resins &vo, 

Scott, A. H. Reinforced Concrete in Practice iimo, 

Scott, W. W. Qualitative Analysis. A Laboratory Manual. New 

Edition 3 

Standard Methods of Chemical Analysis 8vo, 

Scribner, J. M. Engineers' and Mechanics' Companion . . i6mo, leather, 
Scudder, H. Electrical Conductivity and loniration Constants of 

Organic Compounds 8vo, 

Seamanship, Lectures on r.zmo, 

Searle, A. B. Modem Brickmaking 8vo, 

Cement, Concrete and Bricks 8vo, 

Searle, G. M. "Sumners** Method." Condensed and Improved. 

z6mo, 

Seaton, A. E. Manual of Marine Engineering 8vo, 

Seaton, A. E., and Rounthwaite, H. M. Pocket-book of Marine Engi- 
neering i6mo, leather, 

Seeligmann, T., Torrilhon, G. L., and Falconnet, H. India Rubber and 

Gutta Percha 8vo, 

Seidell, A. Solubilities of Inorganic and Organic Substances 8vo, 

Sellew, W. H. Steel Rails 4to, *io 00 

Railway Maintenance Engineering i2mo, 3 00 

Senter, G. Outlines of Physical Chemistry zamo, 3 00 

Text-book of Inorganic Chemistry i2mo, ^3 00 

Sever, G. F. Electric Engineering Experiments 8vo, boards. *i 00 

Sever, G. F., and Townsend, F. laboratory and Factory Tests in Ele'*- 

trical Engineering 8vo. *2 50 

Sewall, C. H. Wireless Telegraphy 8vo, *2 00 

Lessons in Telegraphy i2mo. *i 00 

Sexton, A. H. Chemistry of the Materials of Engineering i2mo, 3 00 

Alloys (Non-Ferrous) 8vo, 3 50 
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• 
Sezton, A. H.^ and Primrose, J. S. 6. The Metallurgy of Iron and Steel. 

8vo, 

The Common Metals (Non-Ferrous) 8vo, 

Seymour, A. Modem Printing Inks 8vo, 

Shaw, Henry S. H. Mechanical Integrators i6mo, 

Shaw, J. B. Vector Calculus (/« Press,) 

Shaw, T. R. Driving of Machine Tools lamo, 

Precision Grinding Machines 12RLO, 5 00 

Shaw, W. N. Forecasting Weather 8vo (Reprinting,) 

Sheldon, S., and Hausmann, S. Dynamo Electric Machinery, A.C. 

and D.C 8vo (/« Press,) 

Slectilc Traction and Transmission Engineering lamo, 

Physical Laboratory Experiments, for Engineering Students. .8yo, 

Sherriff, F. F. Oil Merchants' Manual and Oil Trade Ready Reckoner, 

8vo, 
Shields, J. E. Notes on Engineering Construction lamo, 

Shreve, S. H. Strength of Bridges and Roofs Svo, 

Shunk, W. F. The Field Engineer zamo, fabrikoid, 

Silverman, A., and Harvey, A. W. Laboratory Directions and Study 

Questions in Inorganic Chemistry 4to, loose leaf, 

Simmons, H. E. Rubber Manufacture. 4to, 

Simmons, W. H. Fats, Waxes and Essential Oils. .8vo (In Press,) 

Simmons, W. H., and Appleton, H. -A Handbook of Soap Manufacture, 

8/0, 

Simmons, W. H., and Mitchell, C. A. Edible Fats and Oils Svo, 

Simpson, 6. The Naval Constructor lamo, fabrikoid, *$ 00 

Simpson, W. Foundations Svo. (In Press,) 

Sinclair, A. Development of the Locomotive Engine. . . Svo, half leather, 
Sindall, R. W. Manufacture of Paper Svo, 

Sindall, R. W., and Bacon, W. N. The Testing of Wood Pulp Svo, 

Wood and Cellulose Svo (In Press,) 

Sloane, T. O'C. Elementary Electrical Calculations lamo, a 50 

Short-Cuts in Arithmetic (In Press,) 

Smallwood, J. C. Mechanical Laboratory Methods lamo, fabrikoid, 3 00 

Smith, C. A. M. Handbook of Testing, MATERIALS Svo, 5 00 

Smith, C. A. M., and Warren, A. 6. New Steam Tables Svo, i 00 

Smith, C. F. Practical Alternating Currents and Testing Svo, *3 50 

Practical Testing of Dynamos and Motors Svo, *$ 00 

Smith, F. E. Handbook of General Instruction for Mechanics . . . i2mo, i 50 
Smith, O. C. Trinitrotoluenes and Mono- and Dinitrotoluenes, Their 

Manufacture and Properties lamo, a 00 

Smith, H. 6. Minerals and the Microscope lamo, a 00 

Smith, J. C. Manufacture of Paint Svo, *5 00 

Smith, R. H, Principles of Machine Work lamo, 

Advanced Machine Work lamo. . 00 

Smith. W. Chemistry of Hat Manufacturing lamo. ♦a 50 

Snell, F. D. Colorimetric Analysis lamo (In Press.) 

Snow, W. 6., and Nolan, T. Ventilation of Buildings i6mo, o 75 

Soddy, F. Radioactivity Svo (Reprinting.) 

Solomon, M. Electric Lamps Svo, a go 

Somerscales, A. N. Me^hani'^s for Marine Engineers i^mo, a 50 

■ Mechanical and Marine Engineering Science Svo, *5 00 
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Sothera, J. W. The Marine Steam Turbine 8vO| 15 00 

Verbal Notes and Sketches for Marine Engineers 8vo, 1500 

Marine Engine Indicator Cards :8vo, 4 50 

Oil Fuel Burning in Marine Practice Svo, 7 50 

Sothem, J. W.^ and Sothem^ R. M. Simple Problems in Marine 

Engineering Design lamo, 3 00 

Souster, £. 0. W. Design of Factory and Industrial Buildings. . .Svo, 4 00 

Southcombe, J. E. Chemistry of the Oil Industries 8vo, 3 50 

Sozhlet, D. H. Dyeing and Staining Marble 8vo, a 50 

Spangenburg, L. Fatigue of Metals i6mo, o 75 

Specht, G. J., Hardy, A. S., McMaster, J. B., and Walling. Topographical 

Surveying i6mo, o 75 

Spencer, A. S. Design of Steel-Framed Sheds 8to, *$ 50 

Spiegel, L. Chemical Constitution and Physiological Action. .. .iimo, x 25 

Sprague, £. H. Hydraulics ^ 1 2mo, a co 

Elements of Graphic Statics 8vo, 3 co 

Stability of Masonry . . .' iimo, 2 00 

Elementary Mathematics for Engineers lamo, 2 00 

Stability of Arches i:*mo, 2 00 

Strength of Structural Elements i2mo, 2 00 

Moving Loads by Influence Lines and Other Methods i2mo, 2 00 

Stahl, A. W. Transmission of Power i6mo, 

Stahl, A. W., and Woods, A. T. Elementary Mechanism i2mo, 2 25 

Standage, H. C. Leatherworkers' Manual 8vo, 450 

Sealing Waxes, Wafers, and Other Adhesives 8vo, *^ 50 

Agglutinants of All Kinds for All Purposes i2mo, 3 50 

Stanley, H. Practical Applied Physics {In Press.) 

Stansbie, J. H. Iron and Steel 8vo, 2 50 

Steadman, F. M. Unit Photography i«mo, 2 50 

Stecher, 6. E. Cork. Its Origin and Industrial Uses i2mo, i 00 

Steinheil, A., and Voit, E. Applied Optics^ Vols. I. and II. 8vo, 

Each, 5 00 
Two Volumes Set, 9 00 

Steinman, D. B. Suspension Bridges and Cantilevers. (Science Series 

No. 127.) o 75 

Melan's Steel Arches and Suspension Bridges 8vo, *3 00 

Stevens, A. B. Arithmetric of Pharmacy i2mo, i 53 

Stevens, E. J. Field Telephones and Telegraphs z 20 

Stevens, H. P. Paper Mill Chemist i6mo, 4 00 

Stevens, J. S. Theory of Measurements i2mo, *i 25 

Stevenson, J. L. Blast-Fumace Calculations i2mo, leather, a 50 

Stewart, 0. Modern Steam Traps i2mo, *i 75 

Stiles, A. Tables for Field Engineers lamo, i 00 

Stodola, A Steam Turbines 8vo, 7 50 

Stone, E. W. Elements of Radiotelegraphy x2mo, fabrikoid, 2 50 

Stone, H. The Timbers of Commerce 8vo, 400 

Stopes, M. The Study of Plant Life 8vo, 2 00 

Sudborough, J. J., and James, T. C. Practical Organic Chemistry. i2mo, 3 50 

Suf fling, E. R. Treatise on the Art of Glass Painting 8vo, *3 50 

Sullivan, T. V., and Underwood, N. Testing and Valuation of Build- 
ing and Engineering Materials (/n Press.) 

Svenson, C. L. Handbook on Piping 8vo, 4 00 

Essentials of Drafting 8vo, i 75 

Mechanical and Machine Drawing and Design (In Press.) 

Swan, K. Patents, Designs and Trade Marks 8yo, a 00 
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Swinburne, J., Wordingham, C. H., and Martin, T. C. Electric Currents. 

x6mo, 
Swoope, C. W. Lessons in Practical Electricity lamo, 

Tailfer, L. Bleaching Linen and Cotton Yam and Fabrics 8vo, 

Tate, J. S. Surcharged and Different Forms of Retaining- walls. .i6mo, 

Taylor, F. N. Small Water Supplies xamo, 

Masonry in Civil Engineering 8vo, 

Taylor H. S. Fuel Production and Utilization 8vo, 

Taylor, W. T. Calculation of Electrical Conductors 4to, 

Electric Power Conductors and Cables 8vo {In Press.) 

Calculation of Electric Conductors 4to (/w Press.) 

Templeton, W. Practical Mechanic's Workshop Companion. 

i2mo, morocco, 

Tenney, E. H. Test Methods for Steam Power Plants xamo, 

Terry, H. L. )ndia Rubber and its Manufacture Svo, 

Thayer, H. R. Structural Design. Svo. 

Vol. L Elements of Structural Design 3 50 

Vol. II. Design of Simple Structures 450 

Vol. III. Design of Advanced Structures (/n Preparation.) 

Foundations and Masonry (In Preparation.) 

Thiess, J. B., and Joy, G. A. Toll Telephone Practice 8vo, *3 50 

Thom, C, and Jones, W. H. Telegraphic Coxmections. . . .oblong, xamo, z 50 

Thomas, C. W. Paper-makers' Handbook (In Press.) 

Thomas, J. B. Strength of Ships Svo, 2 50 

The Powering of Ships Svo, 10 00 

Thomas, Robt. G. Applied Calculus xamo, 3 00 

Thompson, A. B. Oil Fields of Russia 4to, xo 00 

Oil Field Development 15 00 

Thompson, S. P. Dynamo Electric Machines i6mo, o 75 

Thompson, W. P. Handbook of Patent Law of All Countries i6mo, 2 00 

Thomson, O. Modern Sanitary Engineering lamo, *3 00 

Thomson, O. S. Milk and Cream Testing xamo, *2 2$ 

Modem Sanitary Engineering, House Drainage, etc Svo, ^3 00 

Thomessen, E. G. Soap-Making Industry xamo (In Press.) 

Thomley, T. Cotton Combing Machines Svo, *3 50 

Cotton Waste Svo, 6 00 

Cotton Spiiming. Svo. 

Elementary Cotton Spinning Svo, 5 00 

Second Year *3 50 

Third Year *a 50 

Thurso, J. W. Modem Turbine Practice Svo, % 00 

Thurston, A. Pharmaceutical and Food Analysis (In Press,) 

Tidy, C. Meymott. Treatment of Sewage i6mo, 

Tilmans, J. Water Purification and Sewage Disposal Svo, 

Tinkler, C. K., and Ma«!ter?, H. Applied Chemistry Svo, 

Tiimey, W. H. Gold-mining Machinery Svo, 

Titherley, A. W. Laboratory Course of Organic Chemistry Sva, 

Tizard, H. T. Indicators (In Press.) 

Toch, M. Chemistrv aitd Technoloiarv of Paints Svo, 

Materials for Permanent Painting xamo, 

Tod, J., and McGibbon, W. C. Marine Engineers' Board of Trade 

Examinations Svo, 

Todd, J., and Whall. W B Pract'ral Seamanship Svo, 

Townsend, F. Alternating Current Ensineering Svo, boards. 
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Townsend, J. S. Ionization of Gases by Collision 8vo, *i 25 

Transactions of the American Institute of Chemical Engineers, 8yo. 

Vol. XII., 1919. Two Parts Each, 5 00 

Vol. XIII. Part I, igao 5 00 

Vol. I. to XI., 1908-1918 8yo, each, 6 00 

Traverse Tables x6mo, o 75 

Treiber, E. Foundry Machinery i2mo, 2 00 

Trinks, W. Governors and Governing of Prime Movers 8vo, 3 50 

Trinks, W., and Housum, C. Shaft Governors i6mo, o 75 

Trivelli, A. P. H., and Sheppard, S. E. Silver Bromide Grain of 

Photographic Emulsions 8vo, 2 50 

Trowbridge, W. P. Turbine Wheels i6mo, o 75 

Tucker, J. H. A Manual of Sugar Analysis 8vo, 3 50 

TumbuU, Jr., J., and Robinson, S. W. A Treatise on the Compound 

Steam-engine ; i6mo, o 75 

Turner, H. Worsted Spinners' Handbook i2mo, *3 00 

Turrill, S. M. Elementary Course in Perspective lamo, *i 35 

Twyford, H. B. Purchasing 8vo, 4 00 

Storing, Its Economic Aspects and Proper Methods 8vo, 3 50 

Underbill, C. R. Solenoids, Electromagnets and Electromagnetic Wind- 
ings i2mo, 3 00 

Underwood, N., and Sullivan, T. V. Chemistry and Technology of 

Printing Inks . -. 8vo, 4 00 

Urquhart, J. W. Electro-plating i2mo, 3 00 

Electrotyping i2mo, 2 00 

Usbome, P. O. G. Design of Simple Steel Bridges 8vo, *4 00 

Van Nostrand's Chemical Annual. Fourth issue i9i8.fabrikoid, i2mo, *3 00 

Van Wagenen, T. F. Manual of Hydraulic Mining i6mo, i 00 

Vega, Baron Von. Logarithmic Tables 8vo, 2 50 

Vincent, C. Ammonia and its Compounds. Trans, by M. J. Salter. 8vo, *2 50 

Virgin, R. Z. Coal Mine Management (In Press.) 

Volk, C. Haulage and Winding Appliances 8vo, *4 00 

Von Georgievics, G. Chemical Technology of Textile Fibres 8vo, 7 00 

A Text Book of Dye Chemistry 8vo, 12 00 

Vose, G. L. Graphic Metiiod for Solving Certain Questions in Arithmetic 

and Algebra i6mo, o 75 

Vosmaer, A. Ozone . 8vo, *2 50 

Wabner, R. Ventilation in Mines 8vo, 5 00 

Wadmore, T. M. Elementary Chemical Theory i2mo, *x 5c 

Wagner, E. Preserving Fruits, Vegetables, and Meat i2mo, *2 50 

Watcner, H. E., and Edwards, H. W. Railway Engineering Estimates. 

(In Press.) 

Wagner, J. B. Seasoning of Wood 8vo, 4 00 

Waldram, P. J. Principles of Structural Mechanics i2mo,' 4 00 

Walker, F. Dynamo Building i6mo, o 75 

Walker, J. Organic Chemistry for Students of Medicine 8vo, 4 00 

Walker, S. F. Refrigeration, Heating and Ventilation on Shipboard 

fabrikoid, i2mo, 2 50 

Electricity in Mining 8vo, *a 50 

Electric Wiring and Fitting 8vo, 2 50 
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Wallis-Tayler, A. J. Bearings and Lubrication svo {Reprinting.) 

Aerial or Wire Ropeways 8vo, 5 00 

Preservation of. Wood 8vo, 4 00 

Refrigeration, Cold Storage and Ice Making gvo, 5 50 

Sttgar Machinery iamO| 3 00 

Walsh, J. J. Chemistry and Physics of Mining and Mine Ventilation, 

xamo, a 50 

Wanklyn, J. A. Water Analysis iimo, 2 00 

Wansbrough, W. D. The A B C of the Differential Calculus lamo, *a 50 

Slide Valves ; . iimo, *2 00 

Waring, Jr., G. £. Sanitary Conditions x6mo, o 75 

Sewerage and Land Drainage *6 00 

Modern Methods of Sewage Disposal lamo, 2 00 

How to Drain a House xamo, i 25 

Warnes, A. R. Coal Tar Distillation 8vo, ^5 00 

Warren, F. D. Handbook on Reinforced Concrete i2mo, *2 50 

Watkins, A. Photography Svo, 

Watkins, O. P. Electrical Rates Svo, 

Watson, E. P. Small Engines and Boilers i2mo. 

Watt, A. Electro-plating and Electro-refining of Metals Svo, 

Electro-metallurgy , lamo, 

Paper-Making Svo, 

Leather Manufacture • Svo, 

The Art of Soap Making Svo, 

Electro-Plating lamo, 

Webb, H. L. Guide to the Testing of Insulated Wires and Cables. x2mo, 
Wegmann, Edward. Conveyance and Distribution of Water for 

Water Supply Svo, 

Weisbach, J. A Manual of Theoretical Mechanics Svo, *6 00 

Weisbach, J., and Herrmann, G. Mechanics of Air Machinery Svo, 

Wells, M. B. Steel Bridge Designing Svo, 

Wells, Robt. Ornamental Confectionery i2mo, 

Weston, E. B. Loss of Head Due to Friction of Water in Pipes. .lamo, 
Whipple, S. An Elementary and Practical Treatise on Bridge Building. 

Svo, 
White, C. H. Method^ of Metallurgical Analysis i2mo. 

White, G. F. Qualitative Chemical Analysis xamo, 

White, G. T. Toothed Gearing i2mo, 

White, H. J. Oil Tank Steamers x2mo, 

Whitehead, S. E. Benzol Svo, 

Whitelaw, John. Survesring Svo, 

Whittaker, C. M. The Application of the Coal Tar Dyestuffs. ..Svo, 

Testing of Dyestuffs in the Laboratory Svo, 

Widmer, E. J. Military Balloons Svo, 

Wilcox, R. M. Cantilever Bridges ....x6mo, 

Wilda, H. Steam Turbines xamo, 

Cranes and Hoists xamo, 

Wilkinson, H. D. Submarine Cable Laying and Repairing Svo, 

(Reprinting.) 
WiUiamson, J. Surrtying Svo, *3 00 

Williamson, R. S. Practical Tubles in Meteorology and Hypsometry, 

4to, a 50 
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Wilson, F. J^ and Heilbron, I. M. Chemical Theory and Calculations. 

zamo, X 75 

Wilson, J. F. Essentials of Electrical Engineering bvo, 3 00 

WimperiSy H. £. Internal Combustion Engine 8vo, 3 50 

Application of Power to Road Transport lamo, '^i 50 

Primer of Internal Combustion Engine lamo, i 50 

A Primer of Air Nayigation lamo, a 50 

Winchelly N. H., and A« N. Elements of Optical Mineralogy Svo, *3 50 

Winslow, A. Stadia Surveying i6mo, o 75 

Wisscr, Lieut J. P. Ezplosive Materials z6mo, 

Modem Gun Cotton z6mo, o 75 

Wolff, C. E. Modem Locomotive Practice 8vo, ^^4 ao 

Wood, De v. Luminiferous Aether i6mo, o 75 

Wood, J. K. Chemistry of Dyeing lamo, i 00 

Woodall, H., and Parkinson, B. R. Distribution by Steel 8yo, 6 00 

Worden, E. C. The Nitrocellulose Industry. Two Volumes 8vo, "^lo 00 

Technology of Cellulose Esters. In 10 volumes. 8vo. 

Vol. I. Five Parts 8vo, 40 00 

Vol. VIII. Cellulose Acetate ♦$ 00 

Wren, H. Organometallic Compounds of Zinc and Magnesium. .lamo, i 00 

Wright, A. C. Analysis of Oils and Allied Substances 8vo, *3 50 

Wrigh^ A. C. Simple Method for Testing Painters' Materials. ..8vo, a 50 

Wright, J. Testing, Fault Finding, etc., for Wiremen z6mo, o 50 

Wright, T. W. Elements of Mechanics 8vo, 3 <>o 

Wright, T. W., and Hayford, J. F. Adjustment of Observations. . .8vo, 4 00 

Wynne, W. E., and Sparagen, W. Handbook of Engineering Mathe- 
matics lamo, a 50 

Toder, J. H., and Wharen, 6. B. Locomotive Valves and Valve Gears, 

8vo, *3 00 

Young, J. E. Electrical Testing for Telegraph Engineers 8vo, *4 00 

Toung, R. B. The Banket 8vo, 3 50 

Toungson. Slide Valve and Valve Gears 8vo, a 50 

Zahner, R. Transmission of Power i6mo, 

Zeuner, A. Technical Thermodynamics. Two Volumes 8vo, xo 00 

Zimmer, G.. F. Mechanical Handling and Storing of Materials... 4to, 

(Reprinting.) 
Mechanical Handling of Material and Its National Importance 

During and After the War 4to, 4 00 

Zipser, J. Textile Raw Materials 8vo, 5 00 

Zur Nedden, F. Engineering Workshop Machines and Processes. .8vo, a 00 



